COMPONENT TEST AUTOMATION 


Military production bottleneck caused by shortage of test personnel eased 
with automatic tests developed at Westinghouse Air Arm. ............ Page 78 


STUDENT ENGINEERING DEVELOPMENT 


Critical shortage of scientists and engineers is met by Naval Air Missile 


Test Center Program which develops capabilities of local students ..Page 74 


ALSO—Streamlining the Federal Supply System, Digital Techniques, Ana- 
log Computers, Printed Circuits, and IRE National Convention News. 
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AT Thompson Products 





THE DECISION IS PRECISION... 





AND THE DECISION WAS [.P.) A).¢).€) 





Another example of major industry breaking through the problem barrier: 
The New Device Research Department, a privately owned laboratory of 
Thompson Products, Inc., recently placed in operation one of the country’s 
largest analog computing systems devoted to the solution of aeronautical 
control and nuclear control problems. 

This PACE Computing System developed by Electronic Associates, Inc. 
will also be applied to industrial control problems. 

The combination of non-linear and linear computing equipment enables 
wide-range simulation of electrical, mechanical, and pneumatic systems to 
be accomplished. 

In research and simulation as vital as those at Thompson Products, the 
major decision is precision. And the high standard of accuracy of EAI 
Equipment sets the PACE for precision in the industry. 

For a demonstration or for rental of time, contact our Computation Centers. 
There's a Center serving Eastern Industry in Princeton, N. J.—one serving 
Western Industry in Los Angeles, Calif. For equipment information, write 
Electronic Associates, Inc., Long Branch, N. J., Dept. MA-4. 
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In This Issue 


We report editorially on significant military trends 
observed at the March IRE show in New York; also 
we comment on the military significance of the recent 
proposals for a nationwide H-bomb shelter construc. 
tion program. Our feature articles report on: (1) 
importance and status of the Federal Catalog System, 
easily the largest single stock-control project in the 
world; (2) details of the Student Engineer Develop. 
ment program now in operation at NAMTC, Pt. Mugu, 
Calif.: (3) automation used in testing components for 
military equipment by the Westinghouse Air Arm; 
(4) additional Digital Techniques showing how multi- 
plexing and counting are accomplished; (5) Analog 
Computer programming; and (6) commercial Printed 
Circuit techniques. 

A few readers have asked why we included so much 
computer material in the first issue. The reason: first, 
the material you received in the previous issue is 


basic not only to computers as such, but also to com- 


puter-type circuits utilized in many classified military 
applications; second, unclassified discussion of these 


circuits can best be accomplished in connection with § 


their use in digital and analog computers, and to a 
certain extent in training devices. For the same reason, 
we discuss in this issue the Vanguard satellite and 
printed circuits to provide basic missile information 
which has been released. 

The value of operational trainers in providing safe 
and inexpensive exercise for pilots, navigators, gun 
crews, and radar operators is seldom appreciated, or 
their complex and often unorthodox principles rarely 
explained. NADAR, an airborne gunnery training aid, 
is described in this issue. 


The supply of informative and interesting articles} 


greatly exceeds the space available in each issue. A 
brief note on a postal card or on the margin of the 


MILITARY AUTOMATION postage-paid request 


card, indicating the subjects or type of articles you] 


like, will help us in our selection. 

Our biographical sketch this issue is of Mr. Ernest 
Goetz of the American Bosch Arma Corp. 

Many expressions of congratulation and goodwill 
have been received on our first issue. We now settle 
down to a “steady strain on the line” and hope to 
merit your continued approval and support. 





FIRST ISSUE PRINTING EXHAUSTED 
The first issue of MILITARY AUTOMATION 


aroused so much interest that many individuals whoJ 
did not receive that issue have requested copies. 

Our original plans were to print and distribute? 
20,000. As the publication date approached, the print 
order was increased to 26,000. As of this writing our 
supply of the first issue has been exhausted. We are 
therefore sorry to advise that we will be unable to 
oblige those requests remaining unfulfilled. We are 
now processing recent subscriber requests so that ou! 
mailing lists for the second issue will be complete. 
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accurate...rapid 
exceedingly flexible 
and discriminating 


offer visual, often 
direct reading, displays 
and play a vital part in 


vibration and sound analysis 
noise analysis 

geophysical investigations 
servo analysis 

frequency response analysis 


harmonic and cross modulation 
investigations 


monitoring communications channels 


analyzing characteristics of AM, 
FM and pulsed signals 


checking telemetering or carrier 
current systems for distortions, 
hum, noise, microphonics, 
interference, channel spillover 


monitoring magnetic tape re-recordings 


They are proved performers in plants, 
laboratories and military applications. 
Operation is simple and reliable. In- 
terpretation easy. Whatever your 
problem, there is a Panoramic Instru- 
ment to answer your needs. Write, 
wire, phone for Panoramic's Catalog 
Digest and other descriptive data. A 
Panoramic Applications Engineer is 
always available to discuss specific 
problems. Special instruments to order. 


the pioneer 





Phone: MOunt Vernon 4-3970 Cables: 


_ cps lin scan segments 
Mm, centered 


PANORAMIC 


instruments | 


ye ning widths and 





| 15-19 South neoeed y ne 


Panoramic Subsonic Analyzer, 
Models LF-1 and LF-2 
for waveform analysis, 0.5 
cps—2250 cps, features 0.1 
cps to 20 cps resolution, 
40 db dynamic range, six 
scanning widths, and perm- 
anent paper recordings. 





Panoramic Sonic Analyzer, LF-2 
Model LP-la 

for waveform analysis, 
40 cps—20 ke log scan 
or 200, 1000 and 5000 


anywhere 
between 0 to 20 
ke; features di- LP-la 

rect reading, 60 

db dynamic range, linear and log am- 
plitude scales. 


Panoramic Ultrasonic Analyzer, 
Model SB-7aZ 
for waveform 
analysis, | ke— 
300 kc, features 
continuously var- 
iable linear scan- 








resolution, linear 

and: log amplitude 
scales, exceptional sensitivity. 
Panoramic Panalyzors and Panadaptors 
for RF, VHF and UHF spectrum analysis, fea- 
ture continuously vari- 
able sweepwidths, res- 
olution and scan rates; 
long or short persist- 
ence displays, linear 
or log amplitude 
scales; and are unique 
in that they offer the 
advantages of wide 
scan display yet permit examination of closely 
adjacent signals. Special features, sweepwidth, 
scan rate and resolution vary with the model 
and type selected. 5 models in 21 different 
types fulfill almost every need from low-cost 
general purpose instruments to those for highly 
special applications. 
Panoramic Spectrum Analyzer, 
Model SPA-1 
for microwave spectrum 
analysis, 50 mc—4000 me, 
features two tuning heads 
(RF-2 from 50 me to 250 
mc; RF-3 from 220 me to 
4000 mc in five ranges), 
with a single tuning control 
dial having an accuracy of 


SB7aZ 








+1%, continuously varia- SPA-1 
ble resolution, sweep rate and differential 
markers, —1!00 dbm sensitivities. 


Panoramic Sweep Generators, Models G-2 

cand G-3 

convert the LP-la and 

SB-7aZ, respectively, in- 

to single line response 

curve tracers, discrim- 

inate against noise and G-2 

hum, show response to 

fundamental frequency only, and assure ac- 

curate frequency response measurement. 

Panoramic Telemetering Instruments 

provide a simple, reliable almost instantaneous 
method of checking 
FM/FM telemetering or 
carrier current system 
operation. These consist 
of Model TMI-1 Panor- 
amic's Telemetering In- 
dicator and Models 
TMC-1, TMC-307, 
TMC-211 Panoramic’'s TMI-1 
Telemetering Frequency Calibrators. 


Mount Vernon, New York 








Panoramic, Mount Vernon, New York State 
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portrait: 
a modern 
electronics 
engineer 


He is alert — scientific — 


7 


instinctively interested in progress. 
He is a combination of science 
and vision, of tools and thoughts. 
But — above all — he is a man 


seeking a secure professional 








future and working toward 








building that security. 








,a 





| | u | He is the sort of man you’ll find at LFE — 
the sort of man LFE is seeking. 


| experienced 
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- e Top starting salaries ¢ Unique educational ad- 
vantages (100% of tuition — day and evening 
courses) © Challenging and diversified projects 
e Liberal employee benefits ¢ Excellent opportu- 
nity for advancement. 

ona a SEND RESUME or request for further information to: 


DR. M. A. MEYER, CHIEF ENGINEER, 


Remember LABORATORY. FOR ELECTRONICS, INC. 
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at 
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Our 


Circulation Policy ... 


“This issue of MILITARY AUTOMATION is com- 
ing to you through courtesy of the firms listed on 
the inside back cover . . .”” would be an appropriate 
announcement for a station break, if we were on the 


alr. 


In return for their support our advertisers expect 
us to deliver their message to a selected group of 
readers. 


This selection is accomplished in two ways. First, 
applications for “qualified-reader” subscriptions are 
carefully screened to ensure that the applicant does in 
fact fall into one of the several categories listed on the 
opposite page. This work takes time and a thorough 
acquaintance with the iadustry. In case of doubt, the 
applicant is asked for further clarification by letter. 
We must have a personally signed request for sub- 
scription on file. Because of the very large demand for 
our magazine, some delay may occur and we hope 
you will be patient as we cope with the situation at 
this end, 

The second method by which reader selection is ac- 
complished is by the proper “care and feeding” of 
reader interest. Carefully prepared instructional ar- 
ticles encourage technica! men to carefully read through 
each issue. Such a magazine also naturally begets con- 
fidence in the firms who support it. This interest and 
confidence is evidenced to the advertiser by the num- 
ber and type of sales leads responding to advertise- 
ments, new product releases, and other news items 
which are printed. 

This high reader inquiry rate which has long 
characterized our sister publications INSTRUMENTS 
and AUTOMATION and INSTRUMENT & APPARA- 
TUS NEWS is not a happy accident but the result 
of careful selection of circulation lists combined with 
conscientious and intelligent editing. We are proud 
that MILITARY AUTOMATION readers are also 
running true to form with an encouragingly high in- 
quiry response. 


a a a 


We have had a number of requests for subscriptions 
from persons who recognize they do not presently 
fall within any of the “qualified reader” categories, 
but want the type of articles we are printing. Some 
are manufacturers of materials or basic components 
but not of military systems or equipments. These per- 
sons may request copies through our advertising rep- 
resentatives listed on page 62. Yearly paid subscrip- 
tion rates are $10.00 per year to U. S. citizens within 
the United States. No copies will be mailed overseas 
except to qualified readers attached to military over- 
seas units. 
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the NEW LORAL plotter! 


is 





* providing 
M Permanent trace 
 Unobstructed View 

™ Target Insertion and Location 
M Position Memory 

M Remote Control 

















The newLORAL airborne GROUND TRACK PLOTIER, provides instantaneous and 


permanent records of the ground track of the aircraft...and important new features 
consistent with Military requirements. 


This and other developments in airborne electronic equipment extends further 
the forward looking creative policy in the fields of countermeasures and weapon 
systems. We have the answer to your airborne plotter requirements among our staff 
of experts in this field. 


Other recent LORAL developments are the 
@ LORAL AIRBORNE NAVIGATIONAL COMPUTER. 
@ LORAL AUTOMATIC SHORT-RANGE G. P. I. 
New plant addition to LORAL. Over 100,000 


. r ir- ition we in s LORAL AUTO-CAL. 
Srypuinl of Snlapulyy 0eres'2" Srarive engineering evelopment 


, NO 


LORAL ELECTRONICS CORPORATION 


NEW YORK 72, NEW YORK 
Serving in AVIONICS © AIRBORNE NAVIGATIONAL ‘ "© RADAR EQUIPMENT © TEST EQUIPMENT 
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AIRCRAFT GENERATORS 
AIR COOLED ENGINES 
WATER COOLED ENGINES 
TRUCK REAR ENDS 
MARINE ENGINES 
BEARINGS 
PIPED LIQUIDS 
GEAR BOXES 
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_ 306A SUSSEX STREET 
HARRISON, NEW JERSEY 
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In Preparation for future 
issues are articles on: 


The Klystron (history and development), ballistic 
missile control, airborne searchlight control, simula- 
tion techniques used in training devices, operational 
testing of military electronic systems, humidity control 
and cathodic protection in the Reserve Fleets, airway 
control systems, military sonar equipment, fire control 
and industry, automatic assembly of electronic equip- 
ment, infra-red, radar, scatter communications, and 
guidance techniques, high-temperature and radioac- 
tivity-resistant components, reserve electronic training, 
magnetic amplifiers and magnetic UHF applications, 
waveguide transmission and traveling-wave-tube ap- 
plications, and a survey of military electronics equip- 
ment. 

Other articles in process include: digital computers; 
analog computer applications in military equipment 
and research; synchros and servo systems; transistors; 
atomic power; printed circuits; model basin, wind 
tunnel and test-range instrumentation; analog-to-dig- 
ital converters; weapons systems analysis; rapid 
duplicating processes for shipboard and other military- 
command uses; and new techniques for increasing 
the efficiency of military supply. 





Hey! We Moved! 
To Bigger Quarters 
But We're Still in the Same Business 





TOOLS FOR USE IN MOST ANY WAY WHERE 
PRECISION BEARINGS ARE USED 
MAY WE TALK ABOUT YOUR PROBLEMS OVER 
YOUR DESK 


THE BAKER COMPANY, INC. 


106 Granite Street, Biddeford, Maine 
Tel.: 4-8441 
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~~ DuKane 
lor AMPLIFIER 


“MOVES A MOUNTAIN OF METAL 
IN BOMBER FLIGHT CONTROL” 


Small, yes, but built to exact- 
ing specifications for dependable 
performance under tough oper- 
ating conditions. This is precision 
manufacturing at its finest by 
one of the world’s leaders in 
pioneering and developing elec- 
tronics. DuKane can produce 
amplifiers in any size, quantity 
and capacity to meet your re- 
quirements. Send the coupon 
today for the interesting facts! 


| 
| BY CONTRAST ARE THE DUKANE 
| AMPLIFYING SYSTEMS 
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WEIGHING WELL OVER A TON! 


DuKane's dependable commercial elec- 
tronic products are serving industry, 
schools, hospitals and offices across the 
nation! Details upon request! 


Flexifone and School 
Nurses Call Sound Systems 


S « 


Micromatic Sound Private Telephone 
Filmstrip Projector Systems 


| For Facts on DuKane 
amplifiers for defense, write 


DuKane Corporation, Dept. E-4 
| St. Charles, Illinois 


| NAME 

ADDRESS 
| CITY STATE 
| FiRm “ 
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We heartily thank each of the following who 
took time to congratulate us on our first issue. 


Publisher, MA: 


I do not want to fail to join the long line of your 
friends who are wishing you success in your latest ven- 
ture, MILITARY AUTOMATION. 

] agree with you that there was a need for such a 
publication and [| shall read it with much interest. 


Herbert Ziebolz 
Chicago, Ill. 


Congratulations on publishing a very fine magazine 


¥ and at the same time filling a void in the publishing field. 


Through the years your organization has been a pioneer 
in disseminating needed information. My very best 
wishes for your continued success. 
Justin Oppenheim 
Norden-Ketay Corp. 


Editor, MA: 
Congratulations on MILITARY AUTOMATION. I 


like issue number one. From the indications of the book 
it looks like it is the sort of periodical that has been 
vitally needed. 

Harold Hechtman 


Airborne Instruments Lab. 


I am happy to hear about your new position as editor 
of MILITARY AUTOMATION. I am doubly glad that 
you are in that position. First, your background and 
experience will be helpful in presenting articles on perti- 
nent military problems and second, your editorial view- 
points will assist in presenting this information in a 








logical and forthright manner. 


Clayton O. Holt 
Engineer, Bureau of Ships 


Sincere congratulations, Commander Morrison! Of the 
Vol. 1, No. 1’s I have seen, the January-February issue of 


MILITARY AUTOMATION is one of the finest! 


Vernon H. Van Diver 
Technical Writer 


Send me MA for 1957. First issue just what I needed. 


W. G. Brombacher, Consultant 
Research & Development 
National Bureau of Standards 


Your initial issue is on my desk. There aren’t enough 
adjectives, even with the aid of Roget’s Thesaurus, to 
really gloat on this fine number. 

| always say that anybody can get out a first issue. 
It’s the next few ones that count . . . I anticipate lots of 
success in this new highly specialized undertaking. 


Ralph L. Power 
Littlerock, Calif. 
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Editor, MA: 

Congratulations on first issue of MILITARY AUTO- 
MATION which reached my desk this morning. I par- 
ticularly liked the article on Modern Digital Techniques. 


Samuel Freedman, Gen. Mgr. 
Chemalloy Electronics Corp. 


I would like to congratulate you on your first volume 
of MILITARY AUTOMATION. I read your magazine 


with a great deal of interest. 


Thomas R. Hudson 


Systems Coordinator 


MA looks fine to me. 


CDR R. G. Odiorne, USN 
Electronics Officer 


AstIndMan, San Diego, 


I found your January-February articles extremely 
helpful—the article on “Modern Digital Techniques”, 
Page 22, of such interest that I would like to keep it 
on permanent file. If reprints are available I would 
appreciate receiving one at your earliest convenience. 

John P. Scheuer, 
General Electric Co. 


Your expression of interest is appreciated. Reprints 
of our articles are not available except on order for 100 
or more, which will be furnished at our cost. We suggest 
you send us a subscriber qualification blank and hereafter 
receive your personal copy. 


Let me take this opportunity to congratulate you and 
your associates for developing a very promising publi- 
cation—MILITARY AUTOMATION. 

Robert W. Brooks, Pres. 


Computer Control Co., Inc. 


Congratulations on a very fine first issue! I was par- 
ticularly interested in “Modern Digital Techniques”, by 
Milton H. Aronson and Martin L. Klein, but would like 
to point out one discrepancy in conversion from decimal 
to binary on page 23. 

Garland E. Holt 
Major USAF. 


We want to thank the many readers who took time to 
write us about the error in method of conversion from 
decimal to binary in "Modern Digital Techniques" in our 
first issue. We are printing in full below the first such 
letter received, from Mr. R. A. Christie, Bell Telephone 
Labs., who presents the correct method. The binary 
answer must be written from right to left instead of vice 
versa. 


Other corrections were received from Mr. William C. 
Schumacher, Ordnance Engineer; Messrs. John A. Szabo 
and Assefa Lemma, Stromberg-Carlson; Major Garland 
E. Holt, USAF; Mr. Leonard A. Majeske, Professional 
Engineer; Miss E. S. Bean, Engineer, Naval Electronics 
Lab. We also might note the following lyric complaint: 


To double-dabble | was able, 

To dabble-double caused me trouble. 
27, 54, 108 and many more, 

When the dabbling is all done 

All are one, one, oh, one, one. 


G. P. Sebru (Code 7124S) 
U.S. Naval Research Lab. 
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Photo courtesy of Northrop Aircraft, Inc. 


High-speed control for 
high-speed missiles 


Nowadays, target, aircraft, and missile speeds are too 
fast for human reactions. Automatic equipment makes 
ready, radar eyes take aim and a computer pulls the trigger. 

Replacing men with machines on the firing line gives us 
a better chance for an interceptor kill or successful missile 
shot. And, today, we can’t afford to miss. That’s why relia- 
bility of every component is so important in modern fire 
control gear. And reliability is the main reason engineers 
—like those designing Northrop Aircraft’s Snark missile 
(above) —so often pick Bristol’s® Syncroverter® High- 
Speed relays (or the very similar Syncroverter chopper). 

These high-speed relays have a normal life of billions of 
operations in dry circuit applications. They’re available in 
SPDT and DPDT models with the typical characteristics 
listed below and in many variations. 

And, of course, many critical applications other than fire 
control—such as air-to-ground telemetering, analog and 
digital computers, aircraft or inissile navigation equipment, 
carrier current switching—can benefit from the outstanding 
reliability of Bristol’s Syncroverter line. Write for complete 
technical data today. The Bristol Company 174 Bristol 
Road, Waterbury 20, Conn. 6.61 





TYPICAL CHARACTERISTICS 


Temperature range: —55°C to 100°C 
Operating shock: 30G; 11 milliseconds duration 
Vibration: 10-55 cps (see below, Mounting); 10 G 
Contact ratings: up to 35v, 45 microamperes 
Stray contact capacitance: less than 15 mmfd 
Pull-in time (including bounce) : 
as low as 200 microseconds 
Drop-out time: 300 microseconds 
Life: Billions of operations 
Mounting: Octal tube socket; others available, including 
types for vibration to 2000 cps. 











FINE PRECISION INSTRUMENTS 
FOR OVER 67 YEARS 


For more information circle 7 on inquiry card. 
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Letters —continued 





Editor, MA: 


I would like to comment on the article “Modern Dig- 
ital Techniques” by Milton H. Aronson and Martin L. 
Klein which appeared in the January-February issue of 
your magazine. 

This was the most clearly written and easily under- 
stood explanation of binary numbers which I have seen 
and I look forward to the complementary article to ap- 
pear in your next edition. 

I believe that the authors made a slight error in their 
example of conversion from decimal to binary numbers 
(page 23) and as misfortune would have it, they used 
the number 27 in their example which reads the same 
from either direction in the binary system and hence 
the mistake was overlooked. 

To illustrate this I would like to use the method as 
presented to develop the binary equivalent of decimal 35 
and take the liberty of adding a column which I shall 
label correct development of the binary number. 


Conversion of Decimal 35 to Binary Form 
Develop- Correct 
ment as__Develop- 
in Article ment 


35/2 = 17 remainder 1, write 1 l 
17/2 = 8 remainder 1, giving 11 1] 
8/2 = 4 remainder 0, giving 110 O11 
4/2 = 2 remainder 0, giving 1100 OOL! 
2/2 = 1 remainder 0, giving 11000 00011 
1/2 = 0 remainder 1, giving 110001 100011 


Now binary number 110001 = 49 and 100011 = 35. 
R. A. Christie 


Bell Telephone Laboratories 


Your new venture promises to help in meeting a pres- 
sing need—the need for a unitary reference covering new 
developments and components applicable to the instru- 
mentation of Uncle Sam’s fighting services, together with 
the technical background underlying their use. 

I am particularly interested in computer technology. 
and welcome the series that begins with the article “Mod- 
ern Digital Techniques”. A few comments, however. ap- 
pear to be in order here . 

Table 3 of the article lists “decimal”, “binary”, “tri- 
nary”, and “octal” notation as “common number sys- 
tems”. I don’t know what is common about “trinary” 


that could not be applied with much greater emphasis | 


to the “duodecimal” system, which was not even men- 
tioned. This system, while not at present affording any 
remarkable benefits in computer work so long as we are 
saddled with the decimal system in common usage, never- 
theless has wide areas of superiority when compared 
with other existing or proposed numbering systems. 
“Twelve” and iis powers have more usable and practical 
factors than does any other radix of manageable size: 


and circle measure in this system displays a distinct ad- | 


vantage in that 1/12 of a circle is a common angle (pres- 
ently called 30° the sine of which is %4). 2/12 of a 
circle measures the internal angles of an equilateral tri- 
angle, 3/12 of a circle those of a square, 4/12 those of a 
hexagon, and 5/12 those of a dodecagon. The great utility 
of 12-part division of a circle or of a revolution is exem- 
plified in the extremely versatile wafer switches we are ac- 
customed to seeing in much of today’s complicated cir- 
cuitry. 

For computer work, this radix could be implemented 
by utilizing two binary factors and one trinary (2x2x3 
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Military Products Division’s tremendous growth opens up challenging career opportunities a 
to engineers and scientists in all these fields: signs 
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Creative Mechgnical Engineer: Previous to his latest promotion, this Electronic Test Equipment Engineer: Also promoted, this man former!) 
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Component Engineer: This man’s job entailed the selection, evalua- 
tion, development, and application of electronic component parts, or 
building blocks, used in airborne bombing and navigational systems. 
Engineers and physicists will find stimulating opportunities here to 
engineer on precision analog components, gyros, accelerometers and 
analog-to-digital converters. Do you belong here? 





Organized only’ 19 months ago, IBM Military Products 
Division has grown enormously. At Owego, N.Y., IBM de- 
signs and manufactures advanced airborne analog and 
digital computers for Air Force bombing-navigational equip- 
ment. At Kingston, N.Y., IBM builds the world’s largest 
electronic computers for Project SAGE, part of our nation’s 
giant defense net. 


The electronic computer field offers engineers and sci- 
entists one of the best ground-floor career opportunities 
4 today. Economic experts rank the electronic computer in 
importance with automation and nucleonics in growth 
potential. Sales at IBM, the recognized leader in this fast- 
growing field, have doubled, on the average, every five years 
since 1930. Engineering laboratory personnel has quin- 


Where would YOU like to work for IBM? 





This map points out key IBM plants 
and laboratories, including the Mili- 
tary Products facilities at Owego 
and Kingston, N. Y. Limited open- 
ings available at many flight test 
bases and SAGE computer sites 
across the nation. IBM’s 189 Branch 
Offices also offer opportunities for 
Customer Engineers. 


Inertial Systems Engineer: Before his recent promotion, this man per- 
formed technical analysis, design and development of inertial guid- 
ance equipment. He specified and supervised development to 
determine the performance, configuration, design, and operation of 
inertial and missile guidance equipment. Opportunities for mathema- 
ticians, physicists, E.E.’s and M.E.’s. Do you belong here? 


these are now open! 


tupled in the past five years alone. $19,000,000 was spent 
on research and new product development in 1956. 


As a member of IBM Military Products, you enjoy the 
stability and security of the IBM Corporation, plus the 
opportunity to progress in any other IBM division. The 
“small team” system assures recognition of individual merit. 
Promotions open up frequently through rapid expansion. 
Company-paid benefits set standards for industry. No won- 
der the rate of personnel turnover at IBM is less than one- 
sixth the national average! 


For the facts about an engineering career with IBM Military 
Products Division, just write, outlining background and 
interests, to: 


R. A. Whitehorne, 

Mgr. of Engineering Recruitment, Dept. 9104 
International Business Machines Corporation 
590 Madison Avenue, New York 22, N.Y. 
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equals 12), obviating any “translation” such as we must 
now resort to with decimal notation. It is true that tri- 
nary stages are not in wide use (they are neither as well 
developed as are binary stages nor as readily applicable 
to decimal conversion), but with the investment of a 
mere fraction of the effort that now goes into binary- 
decimal and decimal-binary conversion this circumstance 
would be a thing of the past. If more information is 
wanted on duodecimal notation it can be obtained most 
authoritatively from the Duodecimal Society of America, 
20 Carlton Place, Staten Island 4, New York, which will 
undoubtedly be delighted to acquaint you with the fea- 
tures of the system and provide you with literature on it. 

The article also overlooks bi-quinary, two-out-of-five, 
and cyclic binary-decimal notations, but perhaps it was 
intended to discuss these later. 

Returning to the contents of the article, the “Double- 
Dabble” system. The right answer came out in the article 
only because “11011” reads the same forwards and back- 
wards, 

I prefer the following routine because the significance 
of each derivation is obvious at the time it is made and 
there are no “leftovers” to create confusion. For example, 
using “27” as in the article: 

1. By inspection, 27 is an odd number. Equate this to 

26 plus 1. 


2. Place the “1” in the units’ place of the binary 
result. 


3. Divide the “26” by 2. The result is 13 (again odd). 


4, Equate 13 to 12 plus 1; place the “1” in the twos’ 
place of the binary result (to the left of the “1” 
previously derived). 


5. Divide the “12” by 2. The result is an even number 
(6), so that a zero goes in the four’s place to the 
left of the two “1’s” already determined. 


6. Divide the “6” by 2, giving “3”, which is equated 
to 2 plus 1. 


7. The “1” is inserted ahead of the “011” already 


computed. 


8. The “2” is divided by 2, giving the final “1”, which 
becomes the first digit of the answer. 


Obviously, every division by 2 of the quantity being 
dealt with raises the order of the powers of 2 being ex- 
tracted, and every time a binary “1” is removed it repre- 
sents a power of 2 corresponding to the number of 
divisions that have already been performed (e.g., 0, 1, 
3, and 4 in the example, representing 2°, 2', 2°, and 2%, 
the sum of which is 27). 

The authors’ conversion from binary to cyclic binary, 
while workable, is far too cumbersome. It is much easier 
to remember that any digit in the original binary number 
that is preceded by a “1” is exchanged for its ones 
complement. 

Also, in discussing the 1, 2, 4, 7 system, the remark is 
made that “only two 1’s are used to express any number”. 
The authors should have said that “not more than” two 
l’s are needed to express any digit”. 


William C. Schumacher 


Ordnance Engineer 


Your discussion is instructive and ably presents the im- 
portance of the duodecimal system. Our treatment in- 
cluded the trinary system only as an example that any 
number could be used as a base for a number system. As 
we do not have space for an exhaustive treatise on all 
types of number systems, we omitted several types of 
notation, as you noticed. 
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The new 
DM6 


DAMPOMETER 


(Log. Dec. Measurer) 


N OW produced in U. S. A. 


@ Wind tunnels 
@ Structural panel 


USE D for = sane tests 


with analog computers 


EVERYWHERE 


where MASS 
PRODUCED data on 
Logarithmic decrement 
is needed. We are also 
quoting on COMPLETE 
SYSTEMS including 
model suspension, lim- 
iter, power amplifier 
and programmer as 
well as equipment to 
be used between the 
Dampometer and other 
computers. 





For literature and information 


please write to 


OLTRONIX 


235 Underwood Dr., 





Atlanta 5, Georgia 


fn Canada: P.O. Box 222—Cardinal Heights, Ottawa, Ont. 


For more information circle 8 on inquiry card. 














IRE Impressions 


Equipment, components and techniques designed for 
military end use or production dominated the IRE 
Show in New York. Few of the 840 exhibitors did not 
show some development or product specifically pitched 
toward a share of the $36-billion 1958 defense budget. 
(Many of these will be treated in the detail they de- 


serve in later issues of MILITARY AUTOMATION.) 


Many observers commented on the lack of startling 
disclosures in either the papers presented or in com- 
mercial developments. Some went so far as to venture 
an opinion that the policy against using Department 
of Defense funds for basic research might be at fault. 
Whether this is true might be questioned on the 
grounds that sufficient time has not elapsed since that 
announcement to show an effect in output. However, 
any over-all diminution in basic research is certain 
to seriously handicap our military readiness in the long 
run. 

Miniaturized components, circuits and equipments 
made a striking contrast with giant waveguides and 
klystrons designed for high-power scatter communica- 
tions equipment. 

Actual numbers of transistors used in military equip- 
ment is far below that of vacuum tubes, but develop- 
ment emphasis is on solid-state applications, printed 
circuitry and miniature components. New plastic-metal 
laminations, suggestions for standardization of printed- 
circuit assembly techniques, and specialized equipment 
for printed-circuit fabrication were featured. An in- 
dication of the extent to which the miniaturization 
trend may carry the industry was given in a paper on 
“Microminiaturization” by Dr. Cledo Brunetti. He 
stated that the increasing complexity of electronics 
and control equipment demands an ever increasing 
volume and weight carried by planes and ships. This 
trend can and must be reversed by miniaturization. 
Solid-state devices used with tubes and other conven- 
tional passive components give hints of advantages to 
come. Each equipment must be stripped to bare essen- 
tials. in the light of the capabilities and requirements 
of the~new solid-state devices, and all unnecessary 
components eliminated. Brunetti cited the transistor 
itself as having a volumetric efficiency of less than 
one thousandth of one percent because it consists of 


a very small active junction encased in a much larzer 
amount of inert material. Solid-state circuits—defined 
as “three-dimensional networks of metallic, inter-meial. 
lic and insulating materials which transmit and control 
currents in the same manner as combinations of or. 
dinary electronic components”—were proposed as the 
solution to ultimate miniaturization and also to in. 
crease reliability through the elimination of unneeded 
materials. The human optical system was cited as a 
natural example of micro-miniaturization which we 
might some day approach in efficiency. 

Air traffic control problems were emphasized not 
only in the exhibits of computers, readout systems and 
display tubes, but also in a wealth of papers covering 
the multipurpose 100-ke radio navigation system, final 
approach systems requirements at high landing rates, 
and a 1000-mc instrument landing system. 

Improvement of reliability received much attention, 
being the theme of two sessions. The first stressed the 
Air Force Reliability Program, an attempt to engineer 
missiles system reliability; the second stressed a reli- 


ability program in design of a computer system. Tech- 


niques for improving reliability through tests, sam- 
pling and analysis were given at a later session. 
Magnetic and paramagnetic properties of solids as 


applied in magnetic amplifiers, microwave switching 


elements and detectors were exhibited. 

The ultra-precise timing achieved by the National 
Co. Atomichron and by the Standard Electronics Re. 
search MASER (seen at 3rd Int. Automation Exp.) 
will be of great importance in improving the accuracy 
of missile guidance. Giant waveguides, klystrons and 
antenna components indicated the impetus being given 
to scatter-propagation communication techniques. 
Travelling wave tubes and amplifiers were also ex- 
hibited by several manufacturers. 

Test equipment is more specialized and shows a 
trend toward automation, particularly when designed 
for use in military maintenance. This trend is expected 
to continue. 

Automatic iris controi for TV cameras used in areas 
having great variation in illumination was shown by 
one manufacturer, while a 1/2” vidicon tube wa: 
shown by another. These improvements should en- 
courage further military application of closed-circuit 


TV. 


H-Bomb Defense 


Mr. W. E. Strope, of the Naval Radiological De 
fense Laboratory, San Francisco, an internationall; 
respected authority on the military effects of nuclea! 
bombing, is quoted in connection with the laboratory: 
request for a Congressional expenditure of 15 to 2) 
billion dollars to build a national system of under 
ground shelters against an H-bomb attack. 
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able, 99 out of every 100 U. S. citizens could survive 
an all-out H-bomb attack. 


military aspects of nuclear weapons, in a subject com- 
monly thought to be the domain of Civil Defense is 
significant. As Russia approaches equality with the 
UL. S. in numbers of H-bombs and the means to de- 
liver them, the relative vulnerability of the two coun- 
tries to nuclear attack becomes the critical factor. If 
nuclear war were to start in the immediate future, our 
cities would have substantially the same vulnerability 
as Hiroshima twelve years ago. Plans for on-foot evac- 
uation of major population centers into open areas 
where no food, water, sanitary facilities, nor shelters 
yet exist are all that Civil Defense has been able to 
accomplish on the little money that it has been allotted. 
Little headway in dispersion of industry has been 


all-out war, and so to discourage foreign attack. Al- 
though the costs are staggering at first sight, it is a 
program comparable to the Federal Road System al- 
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It is estimated that if suitable shelters were avail- 


The interest of Mr. Strope, who specializes in the 





made. 





No other solution attainable within the next five 
years would contribute more to our ability to wage an | 


ready under way. Also, some self-liquidating features 
might be worked out. We suggest the possibility of 
building underground parking lots in downtown busi- 
ness and other congested centers. Municipal and other 
office buildings might be constructed underground for 
quick conversion to bomb shelters. 
Mr. Strope states that shelter requirements fall into 
four types: 
Class I—For rural areas with maximum resistance 
only to gamma radiation. Cost, about $30 per 
person. 


Class I1]—For residential and light business areas, 
where shelter must also resist fires. Cost, about 
$40 per person. 

Class IILA—For business areas with less dense 
population. Cost, about $60 per person. 





Class IIIB—For densely populated downtown city | 
areas, capacity 1000 persons per shelter, with | 
100 persons per room. Cost, $300 per person. | 

| 


Minimum Shelters | 
Minimum requirements for shelters are structures | 
of No. 1 corrugated steel surrounded on all sides and | 
top by at least three feet of earth. Concrete and fiber- 
glass are also possible structural materials. Shelters | 
should be equipped with food supplies for two weeks, | 
a bed for each person, periscopes, radiac detectors, | 
| 


emergency power, chemical sanitary facilities, a radio 
receiver, and first aid supplies. 
Dr. Paul C. Tompkins, the Laboratory’s scientific di- 
rector, stresses the urgency of the program. 
“If we can get started . . . this year, it can be com- | 
pleted in five years.” | 


Class “E”’ 


This is the relay you’ve asked us to build. Now 
Automatic Electric is happy to present its latest 
achievement—the miniature Class ‘‘E’’. We’re 
proud because this husky baby brother of the Class 
**B” condenses all of its famous features in a min- 
imum of space and weight . . . with no sacrifice of 
quality! Many Class ‘“‘E” features appear for the 
first time in a relay of such compact size. Here’s a 
relay which is indispensable where small size and 
weight (coupled with reliable performance) are of 
prime importance. 


This new miniature relay comes to you with a 
solid reputation, backed by 65 years of leadership in 
automatic dial telephone equipment for America’s 
Independent telephone companies and leadership 
in industrial controls for industry. 


Check these features of the new Class “E”’— 

® miniaturized, telephone-style, base mounting for 
rear-connected wiring. 

® heavy thickness armature arms (previously avail- 
able only in larger relays). 


‘ 


® heavy-duty backstop that won’t wear out. 

© adequate terminal clearances for easy wiring. 

© long-life, lubricant-retaining bearing also allows 
for an easy check of the heelpiece airline setting, 
without disturbing the adjustment. 

® fully independent twin contact springs. 

¢ sturdy, strain-relieved heelpiece insures stability 
of adjustment. 

For more information, call or write Automatic 
Electric Sales Corporation, Chicago 7. In Canada: 
Automatic Electric Sales (Canada) Ltd., Toronto. 
Offices in principal cities. 


AUTOMATIC ELECTRIC 


A MEMBER OF THE GENERAL TELEPHONE SYSTEM 


ONE OF AMERICA’S GREAT COMMUNICATIONS SYSTEMS 


For more information circle 9 on inaumy card. 
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Rocket Fire Detector 


CAMBRIDGE, MASS.—Engineers at Electronics 
Corp. of America have developed an electronic rocket 
fire detector for use with jet fighters designed for 
submerged rocket stowage (rocket cradled within the 
aircraft fusilage). In such cases, the rocket firing 
mechanism must extend the rocket cradle, fire the 
rocket, and return the cradle to its position within the 
plane—all within a matter of seconds. 
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The rocket may be accidentally fired within the 
plane (possibly by enemy gunfire) or may hang fire 
and be drawn back into the plane. If this happens, 
the terrific heat generated. up to 3000°F, will likely 
destroy the airplane within a few moments. Tests have 
shown that even a small rocket will burn through air- 
craft structure in less than 4/10 sec. 

New Fireye Rocket Fire Detector spots the rocket 
flame at the instant of ignition and actuates a release 
mechanism that throws the rocket clear of the plane, 
all within a safe time interval. Effectiveness depends 
on the principle of visual fire detection, using infrared 
radiation sensitive photoconductive cells whose re- 
sponse time is measured in microseconds. Single 5” 
high, 1” diameter, cylindrical unit will safely monitor 
an entire rocket compartment. 


For more information circle 101 on inquiry card. 


Radar Guidance 


NEW YORK, N. Y.—Radar guidance equipment 
designed for the Terrier Missile system installed 
aboard the U. S. S. Gyatt, the U. S. Navy’s first 
guided-missile destroyer, combines for the first time 
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Terrier Radar 


a gunfire control system with radar guidance equip- 
ment. Terrier is designed to intercept aircraft under 
all weather conditions by night or day. When approach 
of unidentified plane is indicated on the radarscope, 
certain signals are generated which identify the plane 
as friend or foe. If enemy, the radar continues track- 
ing the target, and relays information to the missile 
launching computer for firing. Missile then shoots into 
the radar beam and is guided by the radar to intercept 
and destroy its target. Guidance equipment is built 
by Reeves Instrument Corp., subsidiary of Dynamics 
Corp. of America. 


For more information circle 102 on inquiry card. 


Ordnance Data 


DETROIT, MICH.—RCA’s Bizmac system at Head- 
quarters of Tank-Automotive Command opens way for 
sharp cut in world-wide stocks of spare parts in next 
two years. The $4.1-million electronic data processing 
system, said to be world’s largest, has reduced months 
of paper work to minutes of pushbutton operation, It 
keeps track of more than 100,000,000 facts about the 
Army’s vast inventory of tank and automotive spare 
parts throughout the world—everything from nuts and 
bolts to entire engines. Bizmac maintains up-to-minute 
information about what supplies are on hand, how 
fast they are being used, what has to be ordered and 
in what quantity. Bizmac can (1) take inventory, cat- 
alog, spare parts, prepare manuscripts for cat- 
alogs, forecast supply requirements and produce budg- 
et summaries, (2) complete, in forty-eight hours, an 
inventory procedure that once took up to three months, 
(3) handle in one-half hour a price calculation that 
used to take a clerk five weeks of steady work, (4) 
record information on magnetic tape and read from 
tape 1,700 words per second (it could finish Tolstoy’s 
“War and Peace” in about five minutes), (5) store 
on a single 1014-inch reel of magnetic tape as much 


s 


information as was previously held in ten file shelves, 
(6) print shipping orders and other business paper 
work at a speed of 600 lines a minute, (7) reduce 
by 85 per cent, over the next year, OTAC’s visible 
records which are now on some 10,000,000 file cards, 
punched cards, metal plates and hand written sheets. 

At this rate it will pay for itself, many times over, 
every single year. 


For more information circle 103 on inquiry card. 


Rocket Test Sled 


BRISTOL, PA.—Rocket test sled is designed to 
check canopy and seat ejection equipment for the 
McDonnell F101A aircraft. Constructed in accordance 
with aircraft techniques, sled uses aluminum alloy 
material and incorporates a portion of the F101A 
fuselage including complete cockpit area and canopy. 





Seat Ejector Test 


Power is supplied by fourteen solid-propellent rockets 
rated at 11,000 pounds thrust each. Sled deceleration 
is by water scoop. Test runs have been completed at 
the supersonic track at Edwards Air Force Base, Calif., 


under supervision of Hunter-Bristol Corp., builders 
of the sled. 


For more information circle 104 on inquiry card. 








Guided Missile Reliability 


PT. MUGU, CALIF.—The annual Joint Military- 
Industry Guided Missile Reliability Symposium will be 
sponsored this year by the Office of the Assistant 
Secretary of Defense for Engineering and the Chief of 
the Bureau of Aeronautics, Navy Department, and 
will be held at the Naval Air Missile Test Center, Point 
Mugu, California, November 5 and 6. November 7 will 
be reserved for visits to the Center’s technical and 
operational areas. Persons desiring to attend must 
have a Secret security clearance and should make 
known their plans by August 15 to Commander, 
USNAMTC, Reliability Symposium, Code CEN-1, U. S. 
Naval Air Missile Test Center, Point Mugu, Calif. 

Individuals and organizations wishing to present 
papers should submit an abstract of approximately 
250 words no later than June 15, 1957. It is desired 
that contributions bear a security classification not 
higher than Confidential and that abstracts be Un- 
classified, if possible. Papers are invited on the fol- 
lowing subjects: Component Problems, Mathematical 
Treatment, Plant Techniques, and Testing Techniques. 
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Capacitor Specialists 
NEW YORK, N.Y.—The military need for high- | 
quality precision components, often produced in small | 
:, lots, is offering an opportunity to smaller firms who | 
. 
rs 
0) 
e 
e 
y 
A 
y. 

Operations in the winding room where capaci- 

tor production begins. 
are able to meet such requirements. 

Larger manufacturers, dependent on mass produc- 
tion and semi-automatic procedures, often find it im- | 
practical and uneconomic to set up the specialized 
production lines required for ultra precision compo- | 

ts nents used in ‘missile-guidance systems or miniaturized | 

n and printed-circuit applications, which also must meet 

at military specifications. 

hy Thus today we find a new group of manufacturers 

rs specializing in high-precision components manufac- 
tured to customer requirements and featuring indi- | 

_ 

y- 

ye 

nt 

of 

id 

‘ Close-up of an assembly bench. 

: vidual test and calibration of each component. An 

st example of such firms is Electronic Fabricators, Inc. 

-¢ | § During four years of production it has demonstrated 

m an ability to produce capacitors to the tolerances and 


S specifications set by the customer. Company provides 
100% testing before shipment, and applies specialized 


nt 

_ customers receive orders within deadlines. 
od For more information circle 105 on inquiry card. 
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. Satellite Timer 


CLEVELAND, OHIO.—A program timer for the 
artificial satellite’s launch vehicle requires extreme ac- 
curacy of timing. A transistorized secondary frequency 
standard is being used to obtain near-perfect accuracy. 
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skills derived from its own experience to insure that | 


Now 2 standard line Bs & 
POWERSTAT 


VARIABLE TRANSFORMERS for 
HIGH FREQUENCY APPLICATIONS ~ 


HS SERIES 















— % the weight — ‘2 the size of 60 cycle units 


Designed for use in high frequency control systems where weight 
and space must be minimized, these POWERSTATS are ideal for ship, 
aircraft, guided missile and other 400/800 cycle applications. 


Listed are some of the standard line of POWERSTATS for high fre- 
quency applications. However, many high frequency requirements 
necessitate designing to individual needs. The Superior Electric Com- 
pany will be pleased to work with you on the design of POWERSTATS 
to satisfy new or unusual needs. 





INPUT OUTPUT MANUALLY-OPERATED MODELS MOTOR-DRIVEN MODELS 
FRE- APPROX. SPEED | APPROX. 
UENCY MAX. WEIGHT WEIGHT 
YCLES IMUM |MAX. | — TYPE METHOD | (POUNDS) STANDARD | TRAVEL | (POUNDS) 
PER AM. |IMUM| OF CON- HIP- MOTOR- \ SHIP- 
VOLTS] SECOND | VOLTS | PERES | KVA | STRUCTION TYPE | TURNING | NET | Pine TYPE DRIVES | SECONDS] NET | PING 




















SINGLE PHASE 
28 | 400/800 J d Open 3HSO2UK 0.5 0.9 


Open IRHSO3UK 






































28 Volt 0-C 60 
Square 
Frame 60 
cis or 3 J pa . . 28 Volt 0-C 60 
joa 120 Volt A-c,| 60 
400 Cycles 
60 
60 
28 Voit 60 
120 Volt A-C, 60 
400 Cycles 
| 120 Volt A-C, 
| 400 Cycles 
THREE PHASE 
240 400/800 oe or 3.0 15 Open 2HMSO3UK-3Y| Knob 76 85 OM2HMSO3U-3Y 28 Volt D-C 60 9.3 10.5 
AM2HMSO3U-3Y 120 Volt A-C, 60 9.3 10.5 
400 Cycles 
240 400/800 oo or 75 3.6 Open 2HMSO7UK-3Y} Knob 10.6 116 DM2HMSO7U-3Y 28 Volt D-C 60 12.3 13.6 
AM2HMSO7U-3Y 120 Volt A-C, 60 12.3 13.6 
400 Cycles 
240 400/800 pes or 15.0 73 Open 2HL1SUK-3Y Knob 5 41.0 DM2HL15U-3Y 28 Volt D-C 60 38.0 45.0 
| AM2HL15U-3Y 120 Volt A-C, 60 38.0 | 45.0 
| 400 Cycles 
480 400/800 oan or 3.0 29 Open 4HMSO3UK-3¥} Knob 10.6 116 OM4HMS03U-3Y 28 Volt D-C 60 12.3 13.6 
AM4HMSO3U-3Y | 120VoltA-C,] 60 | 123 | 136 = 
400 Cycles f ei 
480 400/800 cos or 9.0 87 Open 4HLOSUK-3Y Knob 39.0 455 DM4HLOSU-3Y 28 Volt D-C 60 42.5 49.5 | 
AM4HLOSU-3Y 120 Voit A-C, 60 425 49.5 —- 
400 Cycles 












































a a ee m a 










| Be sure to see . =a THE ia —_ 4) 
| SUPERIOR ELEcTRic’s | SUPERIOR ELECTRIC ~—————_/ 
Mobile Display | COMPANY ‘ 
when it is in your area | 
| 2304 BRADLEY AVENUE, BRISTOL, CONNECTICUT 
| 
Pe Send new Bulletin P257H (} Have your representative call [J 
| Ofeen le aii Califor . i. ; on og BERS REESE UERS ESA odC 54 baN AEG OEE RE EE eo ee 
Fr i » aliforni e to, intari e 
| Canada * Miami, Florida ny on Wlinots | Company TPCT TC TTT OLE L UTC UU LCT LTT Cee ee 
Baltimore, Maryland ¢ Detroit, Michigan 
New York, New York * Cleveland, Ohio | i i oe ee hee Gee Beek ok ee ee 
Dallas, Texas * Seattle, Washington | 
i COP. occ ccccee pO 06600006000 R054 00006000 ee — Sereyer ree 


For more information circle 10 on inquiry card. 


71 


ee a 








Designed and tested to specification *MIL-T 26985 


Supplied in two principal case sizes: 

1. For RDB channels 1 through 6, case size is 
¥_ x 1¥2 x 2% inches high; weight: 4 ounces. 

2. For channels 7 and up, case size is % inches 
square and 1% inches high; weight: 14% ounces. 

These cases are generally equipped with a 4-pin 

plug to match the small Winchester socket. 

ATTENUATION CHARACTERISTICS 

Impedance: 100 K ohms in and out. 

Insertion loss: less than 6 db. ‘ 

At + 7.5% band width is less than 3 db. 

At + 25% band width is greater than 15 db. 

At 1.75 f attenuation is 40 db or more. 

At .57 f attenuation is 40 db or more. 


AS SMALL AS 34” y 3A” X 13/8” 


AS LIGHT AS 114 CUNCES 
















HAN. IMP. 100K 
on FREQ. P/N B. Ww. SIZE wt. 
1 400 cps. S-60001 +*7%% %“%x1%2x2%H 42. 
2 560 cps. $-60002 +7%% %x1'2x2%H 4 oz. 
3 730 cps. S-60003 +7%% %x1%2x2%H 402. 
4 960 cps. S-60004 +7%% “%x1¥2x2%H 402. 
5 1300 cps. S-60005 +7%% %x1!2x2%H 4 o2. 
6 1700 cps. S$60006 +7%% %x 12x 2%H 4 oz. 
7 2300 cps. S-60007 +7%% “x %xI%H Is 02. 
8 3 KC $-60008 +7%% “x %xleH 1% oz. 
9 3.9 KC $-60009 +7%% “x %xIeH 1'4 07. 
10 5.4 KC $-60010 +7%% “x %x eH 1% oz. 
W 7.35 KC $-60011 +7%% “x “xWeH oz. 
12 10.5 KC $-60012 +7%% “x “%xI%H = Woz. 
13 14.5 KC $-60013 +7%% “x “xVeH 14072. 
14 22 KC $-60014 *7%% “x %xleH 1% oz. 
15 30 KC $-60015 *+7%% “x %xIseH 1% oz. 
16 40 KC $-60016 *+7%% “x “xI%eH = Moz. 
7 52.5 KC $-60017 *+7%2% “x “%xI%H 1% oz. 
18 70 KC $60018 +7%% “x %xI%H Moz. 
a 22 KC $-60019 +15% %x %xI%H 1% oz. 
B 30 KC $-60020 +15% %x %xI1%H 1% oz. 
c 40 KC $-60021 +15% %“%x %xI%H- 1402. 
D 52.5 KC $-60022 +15% %x %xI%H ~~ Iioz. 
E $-60023 +15% %x %xI%H 1% 02. 





ATTENUATION (OB) 
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ATTENUATION 
OF BURNELL & CO. INC 


TOM THUMB FILTERS 
1IS%BW 


News—continued 





The timing device must withstand shock and high-iem. 
peratures associated with missile flights, Located jp 
the 2nd stage of the 3-stage rocket, it will “program” 
the various functions until the 3rd stage is launched, 
Responsibilities range from orientating Vanguard jp 
its precise path of flight to telemetering to ground 





Timed Activation Points 


instruments. Illustration traces rocket to orbit. At A, 
72-foot long launching vehicle streaks upwards from 
launching site at Patrick Air Force Base, Florida. 
First stage achieves speed of about 3500 mph. B shows 
first stage burnout. Nose and vehicle drop back to 
earth. At C, second stage activities. Vehicle will blast 
to the 300-mile orbit with speed about 11,000 mph. 
Program timer will help aim vehicle like a rifle to 
give exact direction to the third-stage mechanism. 
At D, third stage steps speed of satellite up to ap 
proximately 18,000 mph. At E, man-made satellite is 
rocketed out of third stage vehicle. Microsecond ac 
curacy in timing these sequences is essential to long 
life span in orbit. Designers for Industry, Inc., ha: 
been awarded the timer contract assignment. 
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Development Sub-contracts 
PHILADELPHIA, PA.—George F, Metcalf, genera 
manager of GE’s Missile and Ordance Systems Dept. 
says an increasing area of profit for small busines 








lies in the large amount of research and development 
sub-contract work now available in recent researc 
and development contracts placed with his departmen! 
and other prime contractors. 

This Department, actively engaged in research, de 
velopment, and production work for the Departmen! 
of Defense, and a prime contributor to the Air Force’ 
intercontinental ballistic missile program, recently at 
nounced receipt of a large arming and fuzing contrat 
from the Ordance Corps. Subcontractors receive abou! 
40% of the dollar value of the company’s researc! 
and development contracts. 

The advantage in this method of operation is thi 
prime contractor can concentrate on systems enginee! 
ing. In their specialized fields, sub-contractors ofte 
can do a highly skilled job on shorter schedules an’ 
less money than the prime contractor. 
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CR Tube Development 


SAN DIEGO, CALIF.—Stromberg-Carlson, a div- 
ision of General Dynamics Corp., announces establish- 
ment of a developmental cathode ray tube facility in 
San Diego, said to be the first facility on the West 
Coast for large cathode ray tube developmental work. 


The materials laboratory and model shop, equipped to 
turn out a variety of experimental and developmental 
tubes, are housed at the Stromberg-Carlson tube plant 
in San Diego, where the company’s CHARACTRON 
shaped beam tube is manufactured. 

Work includes research with deflection yokes which 
will yield a more uniform field. One method under 
study is creation of a cross field through use of a 
diagonal winding—a trick mastered with the aid of 
a specially-designed coil form used in connection 
with an ordinary universal coil-winding machine. 

One new project will be design of a tube to provide 
a picture from radar much more detailed than is 
achieved by present tubes, Other refinements include: 
1. Improved quality of phosphorescent screens with 
special fine-grain phosphors. 2. More uniform electron 
beam through improvements in quality of the electron 
emitting material. 3. Designing cathode ray tubes 
mated with photographic devices in color of light, 
light output and lens design for better detail in photo- 
recording. 4. Use of optical quality face plates for 
improved transmission of the display. 
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Doppler Navigation Components 


PLEASANTVILLE, N. Y.—Air Material Command, 
Wright-Patterson Air Force Base, Ohio, has awarded 
two contracts totaling over $4,000,000 to General 
Precision Laboratory Inc., Pleasantville, N. Y. a sub- 
sidiary of General Precision Equipment Corp., for 
manufacture of electronic control amplifiers and re- 
search and development work on advanced airborne 
navigation systems, The new production contract for 
control amplifiers is the second received by the com- 
pany for the units, a component of GPL’s AN/APN-89 
Doppler navigation system. 
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DuMont 
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Du Mont compact, high-resolution radar tubes save 


space and weight, and permit full use of miniaturization 
techniques in airborne and other portable radar receivers. 


Available in 3” to 12” screen sizes. Magnetic or electrostatic 


focus and deflection. Nine-pin miniature base. 
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Miniaturized Radar Tubes 


Tube Sales, ALLEN B. DU MONT LABORATORIES, INC., 2 Main Ave., Passaic, N. J. 
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News—continued 





High-Temperature Seals 


CLEVELAND, OHIO.—New contract from Wright 
Air Development Center calls for development of high- 
temperature materials for rotating seals in jet aircraft 
engines, Designs of Mach-2 and Mach-3 aircraft make 
it imperative that rotating parts such as bearings, 
gears, etc. be developed for operation at temperatures 
up to 1000°F. Work will be performed by Horizons, 
Inc., Department of Metallurgy. 
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Rate Gyro 


NEW YORK. N. Y.—Under new agreement, Sanders 
Associates will become a completely self-contained 
source of supply for its precise subminature rate gyro- 
scope and related instruments. United States Time 
Corp., previously operating under license from Sand- 
ers, now has established its own research laboratories 
in Irvington-on-the-Hudson and plans research and 
development of the gyro and related instruments, as 
well as step up its volume production of the unit 
in view of the increasing demand by missile and 
airframe manufacturers. The unit will henceforth be 
marketed by Sanders as “Sanders Rate Gyro” and hy 
U. S. Time as “U. S. Time Rate Gyro.” Each of 
the producers will maintain a sales engineering force 
in the field to accommodate missile and airframe man- 
ufacturers, and each will receive inquires concerning 
the unit. 
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Underwater Air 


PITTSBURGH, PA.—Even atomic submarines 
use many pneumatic control devices, and this neces- 
sitates a source of clean, dry “instrument-quality” 


WSO 





SEAWOLF Launching 


air. The atomic submarine SEAWOLF has been 
supplied with a special Condensifilter unit that fil- 
ters the air and condenses out water vapor intro- 
duced into the pneumatic control system, thus as- 
suring proper function of these pneumatic controls. 


74 





Two Condensifilters Disassembled 


The two units shown dismantled to reveal structure 
are built by Hankison Corp. to meet SEAWOLF’s 
requirements. 
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News Bits 


& The men “behind the scenes” responsible for Du- 
Mont’s “400 series” shared the -potlight with the 
company’s new instrument line at the national sales 
conference held March 14, 1957 in the Crystal Ball- 
room of the Hotel Delmonico, N. Y. C. 


® General Electric Co.’s Technical Products Dept. 
announces receipt of a contract from U. S. Army’s 
Signal Supply Agency, Philadelphia, Pa., for a closed- 
circuit color television system for closeup viewing 
of missile launching and tracking high-speed missiles 
to a possible altitude of 100,000 feet. System will be 
used at the Missile Test Center at Cape Canaveral, 


Florida. 
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Air-launched Sparrows 
& Navy’s new guided missile, Raytheon Sparrow III, 
is shown mounted under wing of Navy fighter. This 
new air-launched missile is intended for extensive 
use by Navy fighter aircraft in fleet air defense. The 
missile was developed by Raytheon Mfg. Co., which 
also is prime contractor for the Army’s ground-to-air 
Hawk. 

® New research and engineering group for study 
and improvement of high-power microwave switching 
devices is announced by Microwave Associates, Inc., 
Burlington Mass. 
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& High-precision missile devices, instrumental in 
harnessing the tremendous energy released by the 
new “exotic” fuels, will be developed and produced 
by Sperry Gyroscope Company’s Air Armament Div. 
Currently used as guided-missile propellants, such 
solid and liquid fuels hold great promise for tiny, 
self-driven, precision instruments, 
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"Exotic’’ Fuel Gas 
Generator 


9000°F 


> Air and model glow instantaneously (in ten thou- 
sandths of a second) as airflow of 10,000 mph strikes 
blunt-nose model during hypersonic testing in the 
“‘wave superheater” at Cornell Aeronautical Lab. Tem- 
perature at the model’s nose reaches about 9000°F, 
approximately the surface temperature of the sun. This 
new development, sponsored by the Air Research and 
Development Command’s (ARDC’s) Air Force Office 
of Scientific Research, will enable scientists. to make 
laboratory studies of the effects on aircraft and mis- 
siles at such speeds for longer periods of time (15 
seconds or greater) than ever before possible. High 
temperature and aerodynamic conditions acting on a 
ballistic missile re-entering the earth’s atmosphere will 
be simulated by this facility. 
> A jet utility trainer-transport, prototype under con- 
struction by Lockheed Aircraft Corp., will provide 
the military services with a multi-purpose vehicle hav- 
ing special capabilities in high-speed personnel and 
express transport as well as multi-jet-engine combat 
readiness training and crew training. 
® Induction Motors Corp. announces its entrance 
into precision rotating components by establishing a 
West Coast Rotating Components Division within its 
recently acquired subsidiary, PSP Engineering Com- 
pany, of South Gate, California. 

For more information circle 116 on inquiry card. 
® George L. Nankervis Co. announces it has been 
awarded a study contract by the Ford Motor Company 
to determine preparedness of the U. S. Naval Reserve 
Gas Turbine Facility in Romulus, Michigan. The plant 
was built in 1952 by Ford and was “moth-balled” 
the following year as a standby facility. The Nankervis 
Co. was the original contractor for the test cell instru- 
mentation. 
® Air Force Missile Test Center’s tracking stations 
on the 5,000-mile Florida Missile Test Range will now 
be able to receive 1890 separate items of information 
from any missile tested on the range. This is made 
possible by new precision magnetic tape telemetry 
recorder developed for Air Research and Development 
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Command by Consolidated Electrodynamics Corp., in 
only 90 days. 
For more information circle 117 on inquiry card. 

p To assure good tube pin-to-socket contact in equip- 
ment using high-reliability miniatures, General Elec- 
tric has developed a scouring process which turns out 
“Five-Star” tubes with brightly-polished pins (at right 
in photo). Oxidation residue formed on the nickel 
pins as a result of the 1000°C heat of the button stem 
sealing process is now cleaned with an abrasive 
emulsion. 
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Dirty pins—left 
Polished pins—right 


Hercules propjet 





> Flight testing of the world’s largest ski-equipped 
airplane, Lockheed’s C-130 Hercules propjet, is ob- 
served by television camera under right outer wing 
of the “Ski-130,” 62-ton Air Force combat transport. 
TV camera, equipped with wide-angle lens, is sus- 
pended in two-foot diameter fiberglass pod under 
the wing. Focus’is fixed on the 1914-foot main skis 
and smaller nose skis, which are painted with candy- 
cane stripes for better visibility. The six-mile-a-minute 
propjet, fastest operational transport in the Air Force, 
is equipped with both wheels and skis and can take 
off and land on grass strips, snow, ice, or paved run- 
ways. 

In tests just concluded by Brig. Gen. Thomas L. 
Bryson, Commander of Wright Air Development Cen- 
ter, the C-130 took off from icy, snow-covered Minne- 
sota lakes at a gross weight of 111,000 pounds to set 
a new weight-lifting record for ski-equipped, 4 engine 
aircraft. 
> Simplex Equipment Corp., of Bloomfield, N. J., 
formerly a GPE subsidiary, has been made a sub- 
sidiary of General Precision Laboratory, also a GPE 
subsidiary. A large portion of Simplex’s 160,000 
square feet of manufacturing space will be used to 
handle current and future orders for airborne Doppler 
navigation equipment. 
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> An Air Force officer has reached an altitude of 
198.770 feet, nearly 38 miles, in an aero-medical 
altitude chamber test. It is the highest simulated al- 
titude ever reached by man. Earlier Major Beck had 
attempted to reach 200,000 feet, but each time the 
Major exhaled, his breath counteracted the near 
vacuum at full power. For this latest test, a hose was 
tun from his helmet’s exhaust valve into an adjoining 
chamber. With this arrangement the chamber’s mer- 
cury gage was brought down to 0.250 millimeters, 
only 0.0048 psi, before evaporation of his perspiration 
halted the chamber’s ascent. 
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NONLINEAR CONTROL discussed by Charles Taylor 


It may seem to be inconceivable that nonlinear control 
can be applied to complex dynamic processes. Excellent 
examples of such processes are to be found in the petro- 
chemical industry. Paradoxically, however, nonlinear 
control is implied if optimum control of such processes is 
desired. Optimum is defined here in the sense that max- 
imum efficiency, or economy, of plant operation be 
achieved for specified product quality in the face of 
changing plant conditions. 


Even the word nonlinear has a bewildering connota- 
tion. If a system is nonlinear it is frequently assumed that 
the system transcends human understanding or control. 
To actually apply nonlinear control to a process (linear 
or nonlinear) seems further out of the question. A basic 
reason for this awesome stature is the fact that the famil- 
iar tools of linear systems design and analysis no longer 
apply. The principle of superposition (i. e., the sum of 
effects being simply related to the sum of causes) is not 
valid in the nonlinear realm. The mathematical founda- 
tions upon which engineering practice may be based are 
weakened without the generality afforded by the prin- 
ciple of superposition. 

To understand why nonlinear control is implied in op- 
timizing processes, it is necessary to appreciate the fact 
that a linear control system is, by definition, non-adap- 
tive. Once the control parameters have been chosen in a 
linear system they are fixed (until manually changed). 
These control parameters may be visualized as weighting 
coefficients ascribed to the past, present, and future states 
of the system. The overall dynamic system behavior is 
determined by summing up these weighted past, present, 
and possible future system states regardless of the type 
of inputs or disturbances. In simple single loop-control 
systems this selection of the control parameters or 
weighting coefficients of past, present, and future behav- 
ior corresponds respectively to choosing the amount of 
integral, proportional, and derivative control action. This 
means that, at best, a linear control system must always 
be a compromise. If the past is heavily weighted, the sys- 
tem will tend to be sluggish. If the present and possible 
future states of the system are weighted more heavily 
than the past, the system may be capable of adjusting to 
sudden changes, or correcting for major disturbances, but 
there is the danger of erratic, unstable behavior. In prac- 
tice “middle-of-the-road,” or compromise, control pa- 
rameter values must be chosen. 


On the other hand, one form of an adaptive control sys- 
tem will have an ensemble of sets of control parameters 
from which to choose. The particular set chosen at any in- 
stant will depend upon the state of the process variables. 
The system will continuously switch from one set of pa- 
rameters to another in order to satisfy an optimizing 
criterion in terms of maximum efficiency or economy as 
mentioned above. This type of control system will “learn 





Dr. Charles F. Taylor discusses nonlinear adaptive 
control for optimizing processes. 


from experience” and adapt to many different situations. 
By definition, adaptive control is of necessity nonlinear 
control. 

A useful by-product derived from this nonlinear con- 
trol concept is that system performance becomes nearly 
independent of process conditions, such as weakening of 
catalyst activity in a petroleum process. An advantage 
of nonlinear adaptive control is that a detailed analytical 
description of the process is not required in order to 
achieve optimum performance. This benefit is of particu- 
lar importance in petroleum’ processing where it is ex- 
ceedingly difficult to obtain valid transfer functions or 
analytical models of the processes. 


Fortunately, with the advent of reliable digital com- 
puters that can be “married” to complex processes, the 
future for nonlinear adaptive control is bright. Digital 
techniques are well suited to this method of control since 
the ensemble of sets of control parameters are finite and 
discrete. Further, sampling (in time) techniques may be 
employed. 

Enter nonlinear adaptive sampled-data control systems! 

By applying the latest proven techniques, our well-qualified staff 
at Daystrom Systems is prepared to take single responsibility of 
assembling and installing a system to meet your needs. We are cur- 
rently compiling a file of new applications and papers on various 
parts of systems, both industrial and military. If you are interested 
in receiving the file and periodic additions, please write us. 


| Wo are cverams 


Division of Daystrom, inc., 5640 La Jolla Bivd., 
La Jolla, California, Tel. GlLencourt 4-0421 
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News—continued 





® Herbert A. Finke has been advanced to general 
manager of Polytechnic Research & Development Co., 
Inc. He is responsible for all phases of operation of 
the company, which designs and manufactures micro- 
wave and electronic test equipment and components 


for the military and industry. 
For more information circle 120 on inquiry card. 


® Military needs for more intelligibility and a 50 per- 
cent longer range with field communications equip- 
ment now available prompted development of the 
speech compressor that squeezes peak values of voice 
sounds to nearly the same level as average sounds. 
Since intelligibility is more important than quality of 
speech, the narrow, almost monotone range of speech 
compressed to a 24-decibel limit serves the needs of 
communciation. Interference from background noises 
such as aircraft is lessened by the speech compressor 
and tests of ground-to-air equipment have shown that 
maximum range can be increased 100 per cent by use 
of the compressor developed by Temco Aircraft Corp. 
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Speech Compressor Lowering Reactor Vessel 


® Construction of the Army Package Power Reactor, 
one of the nation’s first atomic generating plants, nears 
completion as workmen lower the 31,600 lb. reactor 
vessel into the vapor container. This critical operation 
required lifting the specially-constructed vessel more 
than 60 feet and lowering it through an opening with 
less than one inch clearance. The APPR is a 2,000-kw 
pressurized-water nuclear generating plant being built 
at Fort Belvoir, Va., for the Army and Atomic Energy 
Commission by ALCO Products, Inc. 


& The Control Engineering Unit of Detroit Controls 
Corp., Div. of American-Standard, has started erection 





of an engineering laboratory in Norwood, Mass. This 
new million-dollar structure, scheduled for completion 
in April of this year, will be devoted entirely to en- 
gineering research and development of gyros, gyro 
flight stabilizers, and navigation and stabilization sys- 
tems. 


For more information circle 122 on inquiry card. 
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ARMED FORCES COMMUNICATIONS 
and ELECTRONICS ASSOCIATION 


CONVENTION and EXHIBIT 


Sheraton-Park Hotel, Washington 8, D.C.— 
May 20-22, 1957 


E INVITE all AFCEA members and conven- 

tioneers to visit the MILITARY AUTOMA- 

TION exhibit, in booth 115. As an extra 
service for our readers, our May-June issue of MA 
will report on outstanding developments revealed dur- 
ing the AFCEA convention. At the time we go to press, 
the following exhibitors are listed: 
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pL reer reere rr TT TT erer reat rarer CT ey 79, 80 
Airpax Prods. Co. .......csccccccccccccsececccccsccces 137 
Alden Electronic Impulse Recording Equipment Co. ...... 68 
Alfax Paper & Engineering Co. ...........ceeececceeees 69 
Ammevinnn TARUAOEE GO, TRG. occ cicccceccccscceccacsecs 19 
American Machine & Foundry Co., 

Piterns PROGINS GOED ooccescccccccsveseoesoes 148, 149 
American Telephone & Telegraph .............---+0+: 88-92 
ee ee  errreer Te ITierT Tr rte 1 
Pe Te GB, ooo 5656656 66 5:0: 0006400 000s 00068 129 
Automatic Electric Sales Corp. .....cccccccccscsccccoses él 
Automatic Telephone & Electric Co., Ltd. ...........-000+ 21 
Autonetics Div., North American Aviation ............ 29, 30 
Bekimen Engineering Co. oncsccccscccccsccccseccecsens 146 
Bell Aircraft Corp., Avionics Div. ........cscccccscces 97, 98 
Bendix Radio Corp., Radio Div. and Pacific Div. ....... 44, 45 
Bird Electromic Corp. .....cccccccccccccccscccsccescces 128 
NN MONON, TING, a5 55'5-45.65 0550504006000 08d SS 9OSE 83 
Burgoyne X-Ray & Metal Testing Lab., Inc. ............ 138 
ee SO Sr ee ere 55, 56, 57 
Capitol Radio Eng. Institute ..............ceeceeeeeeees 12 
gE ee eee rrr rT Teer errr 63 
SE ee ee ee ee eee 94, 95 
ne EE: Oe TINE, CDS 60.5 6in6 8600s es si siasacseerer 62 
ee OS Es a rrr err rere Ter Tate ere 22 
Dage Television Div., Thompson Products, Inc. .......... 65 
a a Aa satis O RNS OF 6 HERS CEE SESSEORS 41, 42 
SC TTT CCRT eR Te Tere Ce it 
MONG (Ci. GND, oc ciciein sc sccuneseess se cowesioes 54 
ee te GO, UN FR ies ctcersesivcevecsescan 99 
ND, Misi. occ Gh55 550 0SS ORR EK RAK ETRRREE REO RaR EON 47 
See reeeee reece eee ee 10 
Pemeensd Brecivenies Co, WG. ..nccccccccccveesveseves 53 
Export Packing & Crating Co., Inc. ..............eeee0 153 
Patrontia Camera & Instr. Corp. .....cccccccvescess 31, 32 
Pe EI Ey. iia sen dctesindiceesaseeseeen 38 
Nin cp asikens oeasceecseneteenneee 37 
Federal Telecommunication Labs. & 

WON, FOG Oe MO LOUD civic ccsccesiceses 37, 38, 39, 40 
Ford Instrument Co., Div. Sperry Rand Corp. ...... 100, 101 
Co eee eT TT Tre Terre eT ee TT eT TT 127 
General Electric Co. 

Heavy Mil. Electronic Equip. Dept. .......... 84, 85, 86, 87 
General Electric Co. 

Light Mil. Electronic Equip. Dept. .................. 25, 26 
General Electric Co. 

Missiles & Ordnance Systems Dept. .................-- 27 

EU PIOUS, TIO. iii dsc ccscscccsccsceesees 28 
EE Ckc ee Oh aend via ukedensnssinaeeeeganee 93 
SD SE UL Sack scickdvhonvesdiees ae esrexees 120, 121 
Ee Te reer ere 74 
ES Ee ere err rere re srr eer 109, 110 
SN, SU, NB ok fv io sneer cians esesomdens 108 
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EE 64 
Instruments Publishing Co., Inc. 

(MILITARY AUTOMATION) ..................c00. 115 
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EE eee 46 
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Kellogg Switchboard & Supply Co. .................0000: 39 
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Kleinschmidt Labs., Inc., 
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Maryland Electronic Mfg. Co. ................000. 151, 152 
Midwestern Instruments Inc. ................eceeeeeees 53 
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Monroe Calculating Machine Co. .................0000- 155 
Motorola Communic. & Electronics Inc. ................ 48 
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North American Aviation, Inc. ................eceeee 29, 30 
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Panoramic Radio Products, Inc. ................eeee0e 107 
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Phelps Dodge Copper Products Corp. ................0008 7 
Philco Corp.—Govt. & Indust. Div. .................... Wt 

ee iets acncdenesacsieeweke 112 
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Ratio of US Defense spending between missiles and aircraft in 1954 was 
10 to 90; in 1955, 35 to 65; in 1956, 50 to 50. 


seat ejection techniques are increasingly successful in saving the 
lives of jet pilots, says the Air Force. While 77% of all recorded 
ejections to date have been successful, 90% saved the pilot's life 
in 1956. 


upersonic jets and missiles used 52% more stainless steel in 1956 than 
in 1955, due largely to a higher percentage of this material in high- 
speed aircraft. 


Director of the Bureau of the Budget, Percival F. Brundage, has 
stated that in the 1957 budget $356 billion will be for the Armed 
Forces, which is $500 million more than actually spent in '56, 
which in turn was $150 million more than was spent in '55. 


Power transistors amounted to 15% of all types of transistors in 1956, 
ith about 1.9 million units produced. The same ratio is expected to 


























fhold in 1957 with a total production of over 4.5 million power transis- 





tors. 


Sylvania has estimated that plant investments by the electronic 
industry through 1956 were $9.2 billion—will reach $11.5 billion 
in 1960 and $15.4 billion by 1966. 


Relay manufacture in 1955 produced 14.3 million units worth $84.8 mil- 
lion. In 1956, 17.2 million units worth $113.7 million were produced. 
The National Association of Relay Manufacturers predicts 20 million 
units worth $142 million in 1957. Designs for increasingly difficult en- 
vironmental conditions required by military applications are credited 
with the rise in unit costs. 


According to FORTUNE Magazine, missile system expenditures amounted 
to $1.2 billion in fiscal 1956. It is anticipated that over $2 bil- 
lion will be required for the electronics portion of the missile 
program when big missiles are brought into production in fiscal 
1958. 


Government apparently spent $340 million for advanced research and de- 
velopment for electronics in 1956, compared to $72 million in 195l. In- 
dustry, it is estimated, spent $600 million in 1956 for research and 
development. 























Fewer than 100 out of about 4,000 companies in electronic manufac- 
turing make nearly 75% of its products. 








Competition in all electronic markets has increased greatly in the last 
two years. The result: profit margins before taxes dropped from a high of 
15% of sales in 1950 to less than 8% in 1955. 


THE MILITARY ELECTRONIC MARKET 





(in millions) 


1947 1950 1956 
Aircraft Equipment $45 $150 $1,015 
Missiles 00 10 640 
Other 30 240 1,555 
Total $75 $400 $2,990 


March-April, 1957 










































MINIMALIZED* TRIMMERS 


for critical applications 


Designed for transistor, airborne, computer or other 
critical, compact assemblies, these tiny potentiome- 
ters feature: Operation at 125° C; Load Life—2000 
Breakdown Voltage—!000 volts; Resistance 
Tolerance—+10% to +2%; and are available with 


"O" rings to meet MIL-E-5272A environmental re- 


hours; 


quirements. 
Type !0IC, illustrated, weighs 2.8 gm. 
Write for Technical Data Sheet No. 102 


*not smaller (miniaturized), bu 
"'smallest''—minimalized! 


CARTER MFG. CORP. 


23 Washington Street 


HUDSON, MASS Tel. HUDSON 1309 


For more intormation circle 14 on inquiry card. 











Who likes to keep a customer waiting? Not the men of Plummer & 
Kershaw at any rate. Unfortunately scheduling is easy but producing 
to the high quality standards that have made P & K respected, Is 
another thing. Work done with skill and care is not work that can be 
produced quickly. As inevitable then as night follows day it is necessary 
to specify longer delivery dates—we feel sure you wouldn't want it 
otherwise. 


TURN TO PLUMMER AND KERSHAW FOR— 


* Complete Optical Instruments made to Specifications. 


* Design and Manufacture of Optical Systems using Glass, Crystal or 
other Transmission Media. 


* Lenses and Prisms of Many Types. 
* Test Glasses. 


PLUMMER and KERSHAW 


PRECISION OPTICS 
2759 Frankford Ave., Philadelphia 34, Pa. 











For more information circle 15 on inquiry card. 
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Component-Test 
Automation 








FIG. 1. AUTOMATIC TURNS-RATIO TESTER determines ratio of turns between pri- 
mary and secondary transformer windings. The ratio appears as a three-digit number 
to the operator. Transformers with as many as five windings can be tested in 15 min- 
utes. Test time saved—90%. 


Automatic testing of military equipment components results in savings in test 
time: 50% for fire control computers, 95% for molded unit assemblies, 90°% 
for multifunction tests on airborne power units, 90% for precision-ganged 
potentiometers, 90% for cable harness checks, and 90% for turns-ratio and 
d-c resistance checks on transformers. A higher quality of output and great- 
er reliability of products are also achieved, using relatively unskilled labor. 


OMPONENT manufacture for military use has 
C been characterized as basically a small-job op- 

eration, in contrast with the large-job runs for 
commercial production of electronic items. High ob- 
solesence rates and frequent changes in specifications 
to meet urgent military requirements make flexibility 
a prime consideration of any components assembly 
or test line setup for military production. 

This fact, together with the inherent fragility of 
most electronic assemblies, has delayed the applica- 
tion of automation to the assembly and testing of 
electronic components for military use. However, the 
trend is now turning in the direction of automation, 
since higher quality output, greater reliability of prod- 
uct, and production economies are made possible even 
with relatively unskilled labor. 
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Automation Logistically Important 

Automatization in military electronic manufacturing 
is of interest not only to industry but is an extremely 
important factor in military logistics. The production 
capacity that such machines can provide in an 
emergency is equivalent in some degree to a stockpile 
of equipments, as production lead-time can be greatly 
shortened if labor recruitment and lengthy training 
programs are not required for expanded production. 
Automatic service testing of military electronic sys- 
tems in ships, by Air Force maintenance crews and by 
Army Field forces may also develop from such small 
beginnings, if system designers provide in advance for 
the requirements of automatic testing. 

The Westinghouse Air Arm Division, Baltimore, 
Md., occupies 330,000 square feet, and employs 1550 


persons at the production line in the manufacturing 
and assembling of five categories of military equip- 
ment: fixed and flexible armament control systems, 
missile control systems, automatic flight control sys- 
tems and aircraft defense systems. Each system con- 
tains 25 to 30 assemblies, with as many as 11,000 
electrical and mechanical parts. 
Test hours formerly required 30% of the total hours 
required to produce a system. 
Automatic test equipment now in use falls into three 
basic classes: 
(1) Equipment designed for basic type of test that 
can cover a wide range of parts and tolerances; 
(2) Equipment designed for a number of general 
tests; and 
(3) Equipment designed for a specific application 
and not usable elsewhere. 


Turns-Ratio Test 

The Automatic Turns-Ratio Test Set (Fig. 1) which 
accommodates 24 transformers with up to five wind- 
ings each, is an example of the first class of test set. 
The machine is a card-controlled, automatic turns- 
ratio bridge, displaying a digital read out. The ma- 
chine will step ahead after each test provided the 
turns-ratio falls within limits programmed into the 
punched cards. If the turns ratio is incorrect, the 
machine will stop, indicating the actual turns-ratio 
measurement on the digital display. One indicator 
lamp shows the operator the transformer that failed, 
and another lamp shows which winding of that trans- 
former failed. 

The only requirement for testing different types of 
transformers is the changing of punched cards. 


D-C Resistance Check 


The Automatic DCR (Fig. 2) tests transformers for 
d-c resistance of the windings. The resistance range 
may be 0.001 ohm to 10,000 ohms. This type of auto- 
mation design was adopted because of high-volume. 
one-type-test application. The system employs a d-c 
resistance bridge and a card-controlled programmer 
with digital read out. The test indicator shows all re- 
sults, good or bad. 


Cable Harness Check 


The Automatic Cable Harness Checker (Fig. 3) is a 
continuity, short-circuit, and leakage tester capable 
of making up to six checks a second. 

By an ingenious system of charts and lamps, the 
machine identifies the location of the trouble. For 
instance, if a short or open occurs, the machine will 
stop operating and the appropriate indicating lamp 
will inform the tester which circuit is at fault. A card- 
board grid-chart, shown on the test machine, is marked 
by the operator, and the test proceeds. The chart is 
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then used as a guide for the repair of the cable har- 
ness. 

The basic device is capable of testing 200 circuits. 
Multipliers can be added to increase the number of 
tests to 400, 800 or 1200. This machine is capable of 
testing multiple circuits with as many as 56 common 
circuits without multipliers. 

The unit can be set to stop on continuity currents 
from 0.1 ampere to 2.0 amperes in five steps. It can 
be set to stop on leakage resistances from 200 
meghoms to one megohm in seven ranges. 


Potentiometer Tester 
The Automatic Potentiometer Tester (Fig. 4) will 
position the shaft of a gang-operated precision com- 
puting potentiometer to a mechanical accuracy of +2 


FIG. 2. AUTOMATIC DCR measures d-c re- 
sistance of transformer windings. After starting, 
no operator is required until all tests are com- 
pleted. Test time saved—90%. 


FIG. 5. AUTOMATIC MULTI-FUNCTION 
TESTER measures impedance or voltage of com- 
ponents in electrical circuits and does functional 
tests. Tests are automatically programmed at 
rate of three per second. Test time saved—90%. 


minutes of are and an electrical accuracy of + 0.015 
percent of full scale. 

To perform these checks, the pot-testing machine 
is controlled by decks of punched cards. These cards 
set up the individual test, indicate the accuracy limit 
desired, and control the machine making the test. The 
potentiometers are tested for resistance, linearity of 
conformity, dielectric strength and electrical noise. 
One test operation is made each second. Formerly, 
pot test for a six-cup gang took about four hours; 
with this device, only 10 minutes are needed and much 
greater accuracy is achieved. 


Multi-Function Tester 


The Automatic Function Tester (Fig. 5) makes con- 
tinuity, leakage, resistance, impedance, a-c voltage, 


FIG. 3. AUTOMATIC CABLE HARNESS 
CHECKER is used chiefly for circuit checking of 
chassis and cable harness. Test time saved— 
90%. 


FIG. 6. AUTOMATIC MOLDED UNIT TEST SET 
checks packaged oscillators, amplifiers, modula- 
tors, etc., while their circuits are energized. The 
machine automatically programs as many as 14 
tests to each unit at rate of one test per second. 


Test time pt 





and d-c voltage measurements at a rate of three tests 
per second, An adapter which plugs into the top of 
the Calif. Technical Ind. Supertester contains selector 
switches which program the testing sequence, select 
standards on each test, and direct the bridge and 
range-selecting circuits in the machine. The bridge 
circuits are designed so that all standards are resistors. 

The machine measures leakage resistances from 100 
to 500 megohms to an accuracy of +10%. Continuity 
resistance can be measured between 0.1 and 5 ohms 
to an accuracy of +0.05 ohm. D-c resistance can be 
measured from 1 to 10 megohms to an accuracy of 
+1%. A-c measurements can be made in the fre- 
quency range of 50 cps to 20 ke with an accuracy of 


1%. 





FIG. 4. PRECISION POTENTIOMETER 
CHECKER measures ganged potentiometer re- 
sistance, function conformity, dielectric strength, 
and noise, automatically. The machine cycles one 
test per second via punched cards. Test time 
saved—90%. 


FIG. 7. COMPUTER TEST STAND provides semi- 
automatic testing of fire-control analog com- 
puters. Forty-eight test problems involving 13 
input parameters can be solved. Time saving 
during alignment is 2 to |, during operation 8 
to |. 













One unusual feature of this test equipment is the 
self-testing adapter which checks its own components. 
This tester can be adapted to different equipments by 
using a difterently wired adapter for each model. 


Molded-Unit Tests 

The Automatic Molded Unit Test Set (Fig. 6) pro- 
vides rapid, accurate operation for both static and 
dynamic testing of small molded electronic circuits 
containing tubes, resistors, capacitors and _ trans- 
formers. The units tested vary from simple resistive 
networks to cumplicated amplifiers, inverters, modula- 
tors, demodulators, etc. 

The change in setup required for each different 
type of unit is made in ten seconds by means of a 
prewired patchboard, which the operator is shown 
plugging into the machine. Other patchboards are 
shown in the racks above the test equipment. As long 
as the output of the unit under test is less than the 
standard, the meter will read negative and the pointer 
will hit the left limit switch. If it is greater, the meter 
will read positive, and the pointer will hit the right 
limit switch. If the proper information is fed into the 
sense relay, the machine will move to the next test 
automatically. Faulty units are tagged by the opera- 
tor with a tag telling which part or parts are faulty. 
This device performs appropriate tests on each unit 
at a rate of a test per second. The total number of 
tests per units varies with test complexity. Units not 
under test are disconnected and can be removed safely 
and the sockets refilled while the test on another unit 
is proceeding. A test time reduction of 95 percent 
has been accomplished by the use of this automatic 
test machine. 


Computer Test Stand 

Semi-automatic Computer Test Stand (Fig. 7) is a 
special machine for the automatic test and manual 
alignment of airborne fire-control computers. This 
machine executes an over-all performance check repre- 
senting operation during an actual mission by pre- 
senting a maximum of 624 bits of problem informa- 
tion to the computer, which must be solved to a high 
degree of accuracy. The speed of operation has in- 
creased by a factor of 8-to-1 during test problem oper- 
ation and by a factor of 2-to-1 during alignment. 


Over-All Results 

The computer test stand has resulted in savings of 
over 50% of test time. Test time reduction of 95% 
was achieved by use of the molded-unit tester; savings 
of 90% of test time was achieved with the multi-func- 
tion tester, the potentiometer tester, the cable-harness 
checker, the d-c resistance checker, and the turns-ratio 
tester. The increased reliability of tests is particularly 
important for components produced for maintenance 
parts, as these do not receive a functional test as a 
part of a complete equipment. 





High-Temperature Tubes 
JAMES E. BEGGS 


Electron Physics Research Dept. 
General Electric Research Lab. 


UBES constructed from titanium metal and spe- 

cial ceramic parts can operate at temperatures 

up to 800°C, They can be made so as to require 

no heater power for operation at 400°C and above. 
When these tubes use titanium grids and passive cath- 
odes, they can be made to exhibit a built-in bias of up 
to two volts, so that no grid battery is required. They 
can have exceptionally high values of transconduct- 
ance, have shown stable characteristics for many 
thousands of hours on test and, therefore, seem to be 
the forerunners of a reliable and unique class of tubes. 
Materials with desirable high-vacuum characteristics 
are selected. Insulators are made especially free of 
contaminants harmful to cathode emission. Most other 
parts are made of titanium, a metal that will absorb 
gases rather than evolve them. Because the speed at 
which titanium can “getter” accelerates at elevated 
temperatures, vacuum and emission at high tempera- 
tures can be the same or better than at room tempera- 
ture. Some of the special tubes the laboratory has 
made will operate at temperatures above 800°C (Fig. 


a}, 


Cathodes for Heaterless Operation 


Higher ambient temperatures mean less heater pow- 
er is required for normal cathode operation. At 500°C, 
tubes require only half the heater power required at 
room temperature; at 700°C, appreciable emission 
can be obtained without any heater power. The amount 
of emission available depends on the cathode area; 
Fig. 2 shows 60 ma are emitted per square centimeter 
of cathode area at 600°C for these heaterless tubes. 
This means a cathode with an emitting surface ot 
0.25 sq cm will provide 15 ma current at 700°C with- 
out heater power. To get the same current without 
heater power at 600°C. The triode (Fig. 3) is an 
example of such a tube. Thus heaterless tubes can be 
designed for operation at specific elevated tempera- 
tures by using a cathode of sufficient area to provide 
the required emission. 


Low Grid Emission 


When the entire tube is operated at elevated tem- 
peratures, one might expect the grid to emit as readily 
as the cathode since it will become covered with mate- 
rial evaporated from the cathode. This does not hap- 
pen if the grid surfaces are titanium metal. At tem- 
peratures of 400°C and above, titanium will react 





Fig. |. New vacuum tube, a laboratory model of the 
6BY4 micro-miniature ceramic tube, operates while 
in flame of blowtorch. Oscilloscope pattern in 
background shows steady performance of the red- 
hot tuhe. 
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Fig. 2. Heaterless emission at various environmental 
temperatures. 












Fig. 3. This heaterless triode provides 15 ma cath- 
ode emission at 600°C. 
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with barium oxide that condenses on it, absorb the 
oxygen, and maintain a clean surface covered at most 
with a partial layer of barium, The amount of barium 
remaining on a titanium grid operating at the same 
temperature as the cathode depends on the type ot 
materials and processing used for the cathode. Mate- 
rial is evaporated at such a slow rate from a passive 
cathode that the grid will be able to maintain an essen- 
tially clean surface and have a low level of emission. 
Once an equilibrium condition is reached, the emission 
from the grid can be a million times less than that 
from the cathode. 


Contact Potential Between Grid and Cathode 


A low level of grid emission means that the work 
function of the grid is higher than that of the cathode. 
This causes a positive contact potential between grid 
and cathode. If we assume a cathode work function 
of 1.6 ev, an initial velocity potential of 0.1 or 0.2 
ev, and the work function of titanium as 4.1 ev, then 
we would expect a positive contact potential difference 
of about 2.4 ev to prevail for a clean titanium grid 
opposite an oxide cathode. Therefore, a titanium grid 
opposite a passive cathode is essentially clean because 
the contact potential difference is about 2.0 volts (a 
value that has been maintained for over 3000 hours 
at temperatures of 600°C). Thus, by operating at high 
temperatures, it is possible for the first time to achieve 
and maintain a positive contact potential between 
cathode and grid. 


Built-in Grid Bias 

A triode having a positive contact potential of 2 
volts is extremely useful. Its characteristics are similar 
to those shown in Fig. 4. By having the zero grid bias 
curve in the middle of the plate family, the input sig- 
nal can be applied directly between grid and cathode 
without need for a bias battery or resistor-capacitor 
network. Because current is negligible until the grid 
is more than 2 volts positive, input impedance is high. 
The circuit for a tube of this type is simple (Fig. 5). 
No heater or grid bias supply is needed. The tube is 
operated from a single battery with sufficient power to 
provide the required output. Thus, high-temperature 
circuits can be simpler than circuits for low-tempera- 
ture tubes. 


High Transconductance 


Exceedingly high transconductance at low current 
has been attained in heaterless triodes. A G,, of 6000 
at 1 ma has been achieved in a laboratory triode oper- 
ating at 600°C. This high transconductance at such 
a low plate current is possible because a cathode of 
large area can be placed close to a finely detailed grid. 
This is possible in heaterless tubes because the grid 
frame operates at the same temperature as the grid 
wires so that the wires remain taut. In planar tubes 
of conventional design the grid wires above the cath- 
ode become hotter than the supporting frame. The 
wires sag unless the span is short, and when the cath- 
ode is heated it expands toward the grid making it 


ONIMarch-April, 1957 





Fig. 4. Character- 
istics for triode with 
positive contact po- 
tential of 2 volts. 








Fig. 5. Circuit 
simplified by elimi- 
nation of grid bias 
and heater power. 
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more difficult to maintain desired spacing. In heater- 

less tubes the thermal expansion characteristics of the 

metal and ceramic parts are almost identical so that 

spacings remain essentially constant at all tempera- 

tures permitting design for higher transconductance 

per milliampere than has been practicable heretofore. 
i aa courtesy GE Research Lab., Schenec- 
tady. 
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Missile Scoring Pod 


WHIT HILLYER 
Bell & Howell Co. 


NEW missile-scoring camera “pod” determines 
how and why a guided missile hits or misses its 
aerial target (Fig. 1). 
Since missiles and target both fly at velocities ap- 
proaching the speed of sound and at altitudes far 
beyond the range of human vision, a remotely con- 





Fig. |. Each pod contains four watertight, inter- 
changeable cameras fitted with 142-degree wide- 
angle lenses. Operating speed is 200 frames per 
second, exposure time |/600 second per frame. 
The high speed — extreme slow-motion study 


of the projected film. 





trolled system of recording data is a vital tool in 


evaluating missile accuracy. 


Cameras 


Mounted on wing-tips of drone target, each missile- 


scoring pod contains four 16-mm high-speed Bell & 
Howell motion picture cameras. The eight cameras 





Fig. 2. Missile-scoring pods attach to wing-tips of 
drone target aircraft. 


(four to a pod with one pod on each wing-tip) are 
so aimed that the approaching missile is always 
covered by no fewer than two cameras. 200-foot film 
capacity of each camera is sufficient to cover as many 
as four missile passes at the moving target with 10- 
second remotely-controlled motion picture “bursts.” 
So long as the target is not shot down, four tests may 
be made on one roll of film. 


Scoring 


Scoring of missile behavior is done by assessing 
the film records against suitable grid coordinate 
charts. Data shows missile trajectory, miss-distances, 
and other functional characteristics. Built into each 
camera is an electronic timing device which indicates 
on film the time elapsed in fractions of a second for 
evaluating missile’s path and speed. The system per- 
mits proper scoring of missile performance when drone 
is operated at velocities up to Mach 0.95 and at al- 
titudes from 5000 to 50,000 feet. Built-in heating ele- 
ments assure optimum camera performance at outside 
temperatures as low as —65°F. 

If there is a direct hit, pods are jettisoned without 
damage by an explosive bolt, or “squib.” Once free 
of the drone, the pods are lowered to earth by means 
of self-contained 16-foot parachutes. For recovery from 
water, they have non-mechanical flotation gear which 
keeps them surfaced for 24 hours, built-in dye markers 
and an exterior finish in standard government re- 
covery colors. 

Access doors permit reloading or replacing cameras 
without removing the pod from the wingtip. 

Each pod weighs approximately 90 pounds ready 
for use, the separate drone-mounted electrical control 
gear weighs around 35 pounds. 

Production quantities of the scoring pod now are 
being delivered to the Navy, and are available to com- 
panies working on missile-scoring or rocket-scoring 


systems. 
For more information circle 202 on inquiry card. 
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Fig. 2-1. Steps in the subtractive process. (Photo 
courtesy Croname Inc.) 








Fig. 2-2. Loading for plating step in making printed 
wiring by additive process. (Photo courtesy Special- 
ty Electronic Components Dept., G. E.) 





Fig. 2-3. Wafers for printed circuits from project 
Tinker Toy. (Photo courtesy National Bureau of 
Standards 
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Following last issue's introduction to Printed Circuit- sprayed 


ry, this month we review its historical development and 
feature the most significant commercial techniques. 


ALLAN LYTEL, General Electric Company 


RINTED CIRCUITRY has developed rapidly. J. A. 
P Sargrove of England, one of the first contributors, 
used the fundamental: principle of depositing con- 
ductors and ether materials to form the wires and other 
components as early as 1937. 
Etching, now a popular process, appeared in the open 
literature before World War II. At this time similar work 


was going forward in this country for the military. Both 
C. Brunetti and R. W. Curtiss were among the first to 
publish results of their work. 

Subsequent progress has been rapid—now almost every 
electronics manufacturer has some printed circuits, i0 
one form or another, in one or more of his products. 

Among the more interesting developments relating to 
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the field is the TinkerToy method. Here the basic ele- 
ment is a small slab of ceramic material on which com- 
ponents are produced (Fig. 2-3). A stack of wafers, 
inter-connected by vertical wires, makes a completed 
circuit-module. The vertical wires are structural, not 
printed, making TinkerToy more a related approach to 
modularization—a subject which will be described later. 


Two Approaches to Wiring 


In the additive process, metal is added to the base to 
form the final wiring (Fig. 2-2). The name additive is 
derived from the method—adding metal to the base. 

In the subtractive process, metal is removed from a 
base first coated with a thin layer of metal. When the 
undesired metal is removed, the final circuit remains. 
This is known as the subtractive method because metal 
is subtracted from the metal-clad base. An example of 
this process is shown in Fig. 2-1, which shows a typical 
board before and after removal of metal from the copper- 
clad base. 

These two basic approaches lend themselves to many 
different manufacturing methods. The National Bureau 
of Standards has listed the following alternative methods 
of manufacture: 


Resistors and conductors can be brush painted or 
sprayed through stencils or masks. 


Capacitors can be built into the base-plate. 


One can stencil. capacitors and conductors at the same 
time when a high-dielectric-constant base material is 
used between conductors. 


Conductors stenciled on a phenolic base can be cured 
at the same time the base is cured. 


Conductors can be printed using silver “ink and 
ordinary printing-press techniques. 


Special resistor and conductor paints can be applied 
using special pens, brushes, pencils, or ordinary metal, 
rubber or plastic stamps. 


Engraving techniques can be used to produce lines 
which are then filled with paint. 

A stencil-coated base can be dipped into the proper 
paint. 

Molten metal can be sprayed through a stencil, or 
sprayed on a premolded pattern, or poured into grooves 
made in the surface of the base material. 

Chemical silvering and reducing solutions can be 
sprayed or poured onto a stencil-covered panel to de- 
posit metal films of the desired circuit on the base. 

Imprinting a catalyst onto the insulating panel can 
assure depositing copper in the desired circuit pattern. 
_Metal films can be evaporated in a vacuum to a sten- 
cil-covered base. 

Cathode-sputtering in a vacuum can put a metal film 
on a base panel through a stencil. 

Undesired metal can be removed by spraying abrasive 
material through a stencil. 

Hydrocarbons, cracked at high temperatures, can pro- 
duce resistors on a stencil-covered surface. 

Circuit-wiring can be die-stamped from a metal plate 
and soldered or riveted to a panel, or fastened with 
adhesive. 

_Die-stamping metal foil onto a base-panel with a hot 

le imprints a metal pattern of the circuit on the surface. 
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Metal or carbon powder can be dusted onto a tacky 
surface through a stencil or captured electrostatically. 
The powder is then either fired or plated. 

Decalcomanias with a metallic surface pattern can be 
applied to the base material. 


Commercial Methods of Manufacture 


Although many of the methods listed above have been | 
used at one time or another, only about eight are now | 
in active use. Other modifications may be found, but | 


these eight seem to be the most important current meth- 
ods—etching, painting, spraying, chemical deposition, 
vacuum processing, die stamping, dusting and molding. 


Etching 


First a base material is covered with a copper sur- 
face. A printing process can be used to transfer the nega- 
tive of the desired circuit to the plated board using an 
acid-resist ink. Only the portions which are not printed 
with resist will be removed in etching. The remaining 
copper surfaces then form the final circuit. 


Several methods used for etching are shown in Fig. 
2-4. These methods are photoengraving, offset printing, 
silk-screening, and plating. In photoengraving (Fig. 2-4, 
part A), a light-sensitive layer* is added to the copper. 
The negative of the circuit is transferred to the photo- 
sensitive layer by photographic means and developed 
much as a photograph is developed. The sensitive layer 


which remains is the resist, so named because it resists | 
the action of the etch bath that removes the undesired | 


copper. 


In offset printing, the desired circuit is printed on the | 


copper-plated base material using normal offset printing 


techniques (Fig. 2-6). The ink is dusted with a powder | 


which is fused in place. The unprotected copper is then 
removed by the etching bath. 


Silk-screening techniques also can be used to place 
the desired circuit pattern on the copper-plated base. The 
remaining procedure follows that shown in part B of 
Fig. 2-4. 

In plating (Fig. 2-4, part C), the reverse of the circuit 
pattern is printed on the copper-clad base by any of the 
aforementioned techniques. Then the board is plated with 
another metal, such as gold, silver, nickel, and rhodium 
so that there is a protective plating where the final wires 
are to be. The ink coating is removed and the board 
etched with ferric chloride. Lead-tin solder can be plated- 
on as a resist and chromic acid (Philip A. Hunt Co., 
Palisades, N. J., and others) used for etching. After 
etching, only the final copper-plated circuit remains. 

Etching is also used while making plated holes as in 
Fig. 2-5. In applications where wiring is used on both 
sides of the board, the plating-through technique can be 
used to connect the wiring on one side with the wiring 
on the other side. Plated holes also are used as terminals 
for connecting components. 


*Tuftop-Mallinckrodt Chemical Co., New York, N. Y.; also Eastman 
Photo-Sensitive Resist, Eastman Kodak Co., Rochester, N. Y. 
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Fig. 2-4. Etching by various techniques. In photoen- 
graving, column A, | shows board with copper coating, 
2 shows light-sensitive coating placed on copper; 3 shows 
resist pattern after development of the exposed circuit 
pattern; 4 shows etched board with excess copper re- 
moved. Offset printing and silk screening follow proce- 
dure shown in column B; at I, circuit is printed on copper; 
2 shows powder dusted onto ink and fused to make 
resist pattern; at 3, etching removes unprotected copper. 
Column C shows plating; at |, reverse of the circuit 
pattern is printed on the copper; at 2, copper is plated 
where final wires are to be; at 3, resist coating is re- 
moved; at 4, etching removes the undesired copper. 
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Fig. 2-5. Plated-through holes. At A a hole is made in the 

copper-plated board; at B, a negative of the desired 

pattern is printed with resist and the hole is coated with 

conductive material; at C, hole is electroplated—note 

flanges; at D, resist is removed; at E, etching removes un- 

oe copper—note_ part of original copper foil under 
ange. 
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Fig. 2-6. Producing the circuit design on the copper-foil 
surface by offset printing. 





A B C D 

Fig. 2-7. Electrofax method of producing printed circuits 
starts with clean copper-coated board at A. At B, cop- 
per is coated with zinc-oxide sensitizer, surface is charged 
at 7 kv, and board is given |/10-sec exposure. At C, 
board is dusted with toner powder and fused in oven. 
After the sensitizer is removed by a selective solvent, the 
board is etched from 2 to 6 minutes in ferric chloride 
and rinsed with water. D shows finished board. (Photo 
courtesy RCA.} 


First, a hole is made in a board coated on both sides 
with copper. Then the negative of the desired pattern is 
applied in resist. A conductive coating is then applied 
wherever there is no resist—with particular attention to 
inner walls of the holes, Electroplating puts a copper 
coating on the areas with the conductive surface. When 
the resist is removed, an etching bath removes excess 
copper leaving a plated-through connection between the 
board surfaces. Thru-Con* is another plating-through 
technique. 

A method called Electrofax has been used for experi- 
mental purposes by RCA, As shown in Fig. 2-7, the 
copper-coated board is coated with a zinc oxide sensi- 
tizer then electrically charged to 7 kv. After exposure 
of 1/10 sec. it is dusted with toner powder and fused 
in an oven. This fixes the image. After the sensitizer is 
removed with a selective solvent, the board is etched in 
Ferric Chloride and washed with water. This system (1) 
is dry, (2) allows projection printing, (3) has short 
exposure time, (4) shows results quickly, and (5) the 
boards have indefinite life and can be recharged, re- 


*Trade Mark—Specialty Electronics Component Dept., G. E. 
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coated and stored in light because they are not light 
sensitive until they are charged. 


Painting 

It is possible to obtain paints for both conductors and 
resistors and apply the paints manually with a brush. 
This is not a production technique, but it can and is be- 
ing used for single boards for experimentation. 

A conventional printing press can be used for produc- 
tion of printed boards, using silver paint for ink. First 
the inked roller coats a positive master plate of the cir- 
cuit pattern. Then the inked master is pressed against 
the base plate and the silver ink is deposited forming 
the wiring, If the lines are not thick enough, several im- 
pressions can be made. 


Spraying 

Molten metal or paint can be sprayed on the base 
material. When a stencil is used, the areas where the 
stencil is cut away allow the metal or paint to be passed 
through to the base. Both conductors and resistors may 
be sprayed. 

In some cases, grooves placed in the base during the 
molding process make it possible to spray molten metal 
that collects in the grooves to produce wiring. 

Two special sprays can be used at the same time. When 
they meet at the surface of the base, their interaction 
reduces a metallic silver which adheres to the base. 

A subtractive spraying method begins with a thin 
metallic layer on the base plate. Then the pattern of the 
desired circuit is applied by a photographic process. Only 
the undesired portions of the metal are left exposed 
through the stencil-like pattern. A abrasive spray is 
passed over the board. The abrasive action removes the 
undesired metal and leaves the final circuit when the 
stencil coating is removed. 


Chemical Deposition 

This uses the same techniques used for silvering mir- 
rors. A silvering solution is poured in the open areas of 
a stencil-covered base plate. Silver is deposited on the 
base plate from this solution. While this makes a thin 
film that cannot be soldered, it can be plated and the 
plating soldered. This is not limited to silver, for other 
metals including copper, nickel, gold, and iron may be 
deposited in this manner. This lends itself to colored 
printed circuits allowing color-coding for identification 
purposes, Also, some metallic salts can be used to make 
resistors with this system. 


Vacuum Processing 


In this process, either of two methods are used. In 
one method, the coating metal is made the cathode and 
the surface to be coated is made the anode. A high 
voltage is applied in a vacuum and metal is emitted by 
the cathode and attracted to the plate where it is deposited 
through a stencil, Then the stencil is removed leaving the 
final metatlic circuit. 

In the other method, a metal is heated in a vacuum. 
The metal evaporates and is deposited on the stencil- 
covered base material. 





Fig. 2-8. Finished circuit made on molded board features | 


recessed wiring and shaped holes (see below) that provide 
mechanical locking of components after soldering, thus 
eliminating need for crimping leads. (Photo courtesy Die- 
Form Circuits, Inc.) 
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Die-Stamping 


There are several ways that die-stamping may be used 
to make a metallic circuit. It is possible to die-stamp 
the circuit pattern from a sheet of metal. Some con- 
necting wires are left in place to hold the circuit together 
until components are soldered in place. Then the finished 
structure can be soldered into larger circuits. 

Another approach uses much thinner metal foil die-cut 
to the desired configuration. This is then attached to a 
base material and components added to make the circuit 
complete. 

A third method uses a die with its raised surfaces the 
image of the desired circuit. The die is used hot and 
presses the metal foil against the base. The heat causes 
the foil under the raised surfaces of the die to adhere to 
the base material forming the circuit.* Pure metallic 
silver is partly impressed into the base. This technique 
provides (1) greater wearing qualities (2) direct sold- 
ering without plating, and (3) increased resistance t0 
oxidation. 


* Special Products Division, Aerovox, Corp. 
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Dusting 

In this technique a stencil is placed over the base plate 
and an adhesive is sprayed or painted on the surface. 
Then a metallic powder is dusted over the surface and 
adheres to the areas which were painted. Heat fuses the 
metallic powder. The powder also can be held to the 
proper circuit design pattern electrostatically. 


Molding 


Molding deserves special mention as it (1) is a fairly 
recent development, (2) promises to become increasingly 
important, and (3) usually combines both additive and 
subtractive techniques during production. Fig. 2-8 shows 
one such molded-panel circuit. Here the panel is formed 
in a die that makes the holes along with 0.015” deep 
channels for the wires on one or both sides of the board. 
After a thermosetting adhesive is placed in the channels, 
copper is chemically deposited over the entire surface, 
including the sides of the holes. Next the board surface 
is masked by roller coating and copper is plated in the 
channels and holes. Solder is then plated on the wires 
and in the holes. Then the mask is removed and excess 
copper removed by electrolytic polishing. After flux is 
applied the panel is heat cured, which cures the adhesive, 
the panel and the flux. 

Several methods of producing printed circuits have 
been discussed in this chapter. Specific information con- 
cerning a particular application can be obtained from 
the company sources indicated in this and other chap- 
ters, * 


To be continued in the next issue 


The chapters that follow include: 
Design factors 
Printed Components 
UHF Applications 
Circuitry, including Packages 
Production, including Automation 
Servicing 


“Conductive paints 


(reneral Cement Co., 919 Taylor Ave., Rockford, Ill. (silver $4.70 
net, per ounce); Microcireuits Co., New Buffalo, Mich. (silver and 
copper, parts of kits); Handy & Harman, 82 Fulton St., New York 38, 
N. Y. (silver). 


Resistance paints 


Mierocireuits Co., New Buffalo, Mich. (in kit form, approximately 
Interelectronics Corp., 2432 Grand Concourse, New York 58, N.Y. 


Bonded-sheet kits 

Tele-Diagnosis Co., 155 W. 72 St., New York 23, N. Y. (kits 
$19.95) ; Techniques Inc., 135 Belmont St., Englewood, N. J. (kits, 
+4 15-$25); Consultants for Industry, 273 E. 175 St., New York, N. 
Y.; Hareon Electronikits, Brandywine, Md. 


Bonded sheets 


; ‘\ca Insulator Co., Schenectady 1, N. Y.; Continental Diamond Fibre 
Co.. Newark 16, Del.—and others. 
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No matter what 
factors govern your 
choice of precision 
components... 


THE ANSWER IS HERE 


The Fairchild line of precision components includes forty-two 
standard types of precision potentiometers, pressure transducers 
and accelerometers. Please note that this does not include any of 
the countless specials or design variations on basic units that we 
have made for various customers . . . or could make for you. 


The 42 standard types embody seventeen basic product 
categories including wire wound or metal film, single- or 


multi-turn, linear and non-linear in both phenolic and metal cases; 
and high temperature types. Pressure transducers, accelerometers, 
trimmer potentiometers and linear motion potentiometers are 


also available. 


In all these, Fairchild’s continuing and extensive research now 
provides you with the optimum designs for size and functional 
conformity to best meet your individual needs. Whatever your 
potentiometer or transducer problem is, let Fairchild help you. 


Write for our new condensed catalog. Fairchild Controls 
Corporation, Components Division, Dept. 140-82. 


EAST COAST WEST COAST 
225 Park Avenue 6111 E. Washington Bivd. 
Hicksville, L. 1., N. Y. Los Angeles, Calif. 
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Our first issue introduced sev- 
eral binary codes, notation sys- 
tems and double-dabble conver- 
sion. This issue we show how we 
put these techniques to work in 
multiplexing, counting, binary 
addition and multiplying. One 
basic logical element for digital 
technique is the matrix, a net- 
work that can be used as a digi- 
tal decision-making element. 





The Logical Network 


Using the several methods explained previous- 
ly for expressing any number in binary—that is, in 
terms of 0/1, yes/no, or on/off devices—let us see 
how we make decisions and perform “logic.” 

Perhaps the basic logical element is the matrix, 
which consists of rows of vertical wires and rows of 
horizontal wires, all insulated from one another, 
one line of which is shown in Fig. 2-A. It consists 
simply of a source of voltage, a resistor, a diode, 
and the 2-state element (switch). Note that a vollt- 
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Fig. 2. A matrix consists of rows of horizontal lines and 


| vertical lines, insulated from each other. Each vertical 
_ line is esséntially a voltage divider controlled by a binary 
| switch, whose position determines which output receives 
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age appears at the output when the switch is in the 
0) position; when the switch is in the 1 position, 
the voltage is bypassed to ground through the diode 
and practically no signal appears at the output. 
As a voltage output appears only when the switch 
is in the 0 position, the line is called the 0 line. 
In Fig. 2-B voltage will appear at output 0 when the 
switch is in the upper or 0 position and at output 
1 when the switch is in the lower or 1 position. 

A basic 4-decision diode matrix is shown in lig. 
3. It consists of two binary (0/1) switches and 
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Fig. 3. A basic 4-decision diode matrix comprises 8 
diodes and 2 switches. When switches are as shown, only 
line 0 is activated; and only output 0 shows output voltage. 
Matrix now responds only to 00 condition. 
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3 are thrown to | po- 
sition, representing bi- 
nary number 110, or 
decimal number 6. 
However, all three 
switches must be in the 
| position before gong 
sounds. This would rep- 
resent condition III 
(or decimal number 7). 














& diodes.. When the switches are in the 00 position, 
as shown, only line 0 is activated. 
When the top switch is thrown to the 1 position, 
only line 1 is activated; this is the 01 condition. 
When the top switch is 0 and the lower is 1, 
only line 2 is activated; this is the 10 condition. 
When the two switches are in the 1 position, only 
line 3 is activated; this is the 11 condition. 
Note that this matrix decides which output will 
receive a voltage, depending on the 4 possible 
conditions of the 2 binary elements. 


Fig. 4 shows how three switches can be used 
to represent any 1 of 8 possible conditions. Here 
the gong will ring only if the switches are in the 
111 position. If they are in the 110 position (as 
shown), line 6 is active, but the gong will not ring. 

If it is desired to perform some control action 
at, say, condition 0, 5, and 67, it is necessary to 
use 7 switches because the decimal number 67 is 
1000011, which contains 7 bits. As only three 
conditions are to be monitored, it is necessary 
to use only three vertical matrix lines set up as 


shown in Fig. 5. 


It is simple to design a matrix for any given 
condition. For example, to set the diodes in the 
7-bit line for condition 5, all the switches are placed 
in the position representing 5 (0000101)—and 
then all the horizontal lines left open are jumpered 
to the vertical by diodes, as shown in Fig. 6. 


Trunking the Matrix 


A matrix line can be trunked by hooking a 
diode to each junction via another switch, as shown 
in Fig. 7. The diode can be connected to indicate 
any desired condition; hence the one line can be 
set for condition 0, then condition 1, then condition 
2, etc. Depending on the time intervals between 
operation, and on the number of conditions to 
be monitored, it may be desirable to use a trunked 
matrix rather than an individual-line matrix. 

Fig. 8 shows how 3 binary-wired switches can be 
used to trunk a matrix line to any value between 
Q and 7. Note that the 3 switches, which are 
ganged, are wired in binary manner. Here flip-flops 
activated by pulses from a pulse generator (clock) 
are used to obtain high-speed response of the 
matrix line. 


Multiplexing with the Matrix 


Multiplexing is the term used to represent the 
time-sharing of a single transmission channel by 
several independent sources. For example, 50 or 
100 data sources can transmit to one central re- 
ceiver over one line by time-sharing the line and 
receiver, either on demand (as when one of the 
variables varies) or on a fixed-time basis. 

Fig. 9 shows how the diode matrix can be used 
to multiplex a number of inputs, Depending on 
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ily Fig. 5. Diode matrix for activating an output whenever 
¥e. condition 0, 5 or 67 occurs. Seven switches are required 


because the largest number (67) is represented in binary 
form by 1000011, which has 7 bits. Three vertical lines are 
used to represent the three conditions to be monitored. 
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Fig. 6. Placing di- 


odes in matrix so that 
line is activated by 
number 0000101, rep- 
resenting condition 5. 
Reading upwards, the 
switches are placed in 
the 0000101 posi- 
tions. All horizontal 
lines NOT connected 
to a switch are then 
jumpered to the verti- 
cal by diodes, as 
shown by dotted lines. 
Line will now have 
voltage on it when 
and only when the 
switches are in this 
0000101 position, as 
desired. 
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Fig. 7. Simple 4-count trunked matrix. A diode is con- 
nected to the vertical line above each horizontal line; 
and a diode-selecting switch is connected to each hori- 
zontal line. By changing the diode-selecting switches, the 
vertical line can represent any of the four conditions 00, 
01, 10, and 11. As shown, line represents condition 10. 
























the 4 possible conditions of the input binary 
switches, any of the 4 inputs can be delivered to 
the output, depending on the position of the 2 input 
binary switches. The switches can be operated in 
succession at any desired rate if successive time- 
fixed multiplexing is desired; or the switches can 
be operated on demand if on-demand multiplexing 
is desired. Further, the switches can be replaced by 
high-speed electronic circuits (flip-flops) to attain 
a switching speed of microseconds. 


Multiplexing with Relays 


When commutation rates below 50 or 100 per 
second are satisfactory, it is possible to multiplex 
with relay-operated switches in a Christmas-tree 
circuit, as shown in Fig. 10. The binary signal 
is now the input to the relay solenoid, and each 
of the 8 inputs will be delivered to the output in 
turn as the relays step through conditions 000, 
OU1, OLO, O11, 100, etc., where a “1” represents 
a signal that energizes the solenoid. 

A complete multiplexing and demultiplexing sys- 
tem can be obtained simply by using two sides 
of a Christmas-tree circuit and placing the relays 
in series, as shown in Fig. 11. The relays in series 
assure synchronism between the upper (multiplex- 
ing) circuit and the lower (demultiplexing) circuit. 

The switches in the Christmas-tree circuit can be 
made to step through their 8 conditions by using 
a source of pulses (called a clock) that is fed to 
three flip-flops in series, with the first flip-flop 
connected to the first relay, the second flip-flop to 
the second relay, and third flip-flop to the third 
relay ( Fig. 13). 


COUNTING 


In digital form, the signal is usually a series 
of pulses—and a host of basic problems can be 
solved simply by counting. There are three types 
of counting technique: 

1. Total count, with no time measurement. 

2. Count of events per unit time. 

3. Time interval measurement between events. 

The basic counting device in binary systems is 
a 2-state device, either electronic or magnetic. 
Transistors and magnetic cores are coming into 
wide use. However, all basic principles are il- 
lustrated clearly using the familiar flip-flop circuit. 

The flip-flop (Fig. 12) is a 2-state device; one or 
the other of its 2 halves can be conducting, with 
the other cut off. Each input causes the stage to 
reverse condition, so that it flips and then flops 
between its two conditions. As it produces one 
output signal for every 2 input signals, it is bas- 
ically a divider, If the left half of the tube is 
conducting, output 6 is low but the right half 
output 7 is a high voltage with respect to ground. 
Now if a negative pulse is applied to input 5, 
the left half cuts off making output 6 high, and the 
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Fig 8. Use of binary-wired switches to trunk a matrix 
line at any value between 0 and 7. At position shown, line 
will activate only when input (number of pulses from clock) 
is 3—that is, O11 (least significant bit is at top). 
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Fig. 10. Typical Christmas-tree relay circuit for elec- o- 
tromechanical multiplexing of 8 channels. Relays are shown , 
















in position 000, and input 0 is delivered to output. First 30K” 
input pulse would trip relay | (corresponding to condition } 
001) and deliver output | to common output. Similarly, o- 
if relay 3 only is operated (on input 100) input 4 is 
connected to output. With digital input 111, channel 7 
is connected to output. 
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Fig. 9. In fixed-time multiplexing by a diode matrix 
the matrix switches are operated into positions 00, 01, 10, 
and |1, in succession. The common output thus receives 
the four separate input signals successively, but at differ- 
ent times. 
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right half conducts making output 7 low. Note that 
a negative pulse applied to input 4 will cause a 
reversal in any case, but if applied to a grid already 
negative will have no effect. 

Two flip-flops in series will count by 4; three 
in series will count by 8 (Fig. 13). The circuit can 
be made to count by any number simply by using 
feedback to.appropriate stages, as shown in Fig. 14. 


The Gated Counter 


A difficulty associated with the preset counter 
is that there is some small time delay in the circuit. 


ALEVE MR TE OE APS 


Fig. 11. Complete multiplexing and demultiplexing sys- 
tem for eight channels. Christmas-tree circuit at top per- 
forms the multiplexing and sends the input channels to 








the common output line in succession. Similar Christmas- Fig. | 
tree circuit at bottom performs demultiplexing to send § !6, ete. 
input 0 to output 0, input | to output |, etc. Relays for § output f 
upper and lower tree circuits are in series to assure syn- 
chronism. 
Thus, if the 100th count is needed to trigger a con- 
trol circuit, the 100th pulse is delayed by the time a 
required for flip-flop operation. This is overcome , 
by gating a stage so that only the 99th pulse will ” 
open the gate, permitting the 100th pulse to pass , 
through the gate undelayed, and resetting on the 8 
same pulse for the next count of 100. 7 
Totalizing, EPUT, and X/Y Counting de 
The combination of a gate, a clock that estab- by 
lishes a time base, and a counter permits great fle 
flexibility in count totalizing, frequency measure- +E 
MILITARY AUTOMATION March- 
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- Fig. 12. The flip-flop is the basic 2-state device in elec- 7 ? ; tie 
tronic counting and computing circuits. The numbers : : 4 PULSE 
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to ; Fig. 15. Combination of a gate, a clock, and decade Fig. 17. Ring counter uses the slight delay in flip- 
5 Fig. 13. Flip-flops in series count, or divide, by 2, 4, 8, counters permits various modes of operation—totalizing, flop action to enable each flip-flop in succession. Each 
nd | 16, etc. For example, in circuit shown there would be | totalizing events per unit time, ratio measurement, time successive clock pulse thus chariges the state of one flip- 
or | output pulse for every 16th input pulse. measurement, frequency measurement, etc. flop, in succession. 
n- 











niques and converted into pulses which pass through 
a gate to the counters. The time interval for which 
the gate is open is determined by a time-base circuit 
comprising a timed gate and a programmer. Thus 
the area under any analog-type curve can be 
measured rapidly and automatically to a high 
accuracy. 


ment, totalizing the number of events per unit time in fuel mixture ratio, volumetric units per unit 
(referred to as EPUT* operation), etc., as shown 
in Fig. 15. 

For example, for events-per-unit-time operation it 
is necessary only to gate the counter in fixed time 
intervals; for ratio or X/Y operation it is necessary 
only to gate the counter by the Y signal; a movable 
decimal point in counting can be effected simply 
by changing the clock rate by a factor of ten. This 
flexibility permits, for example, flow measurement 


time, gravimetric units per unit time, etc., etc. 
Perhaps the ultimate in flexibility, opening up 
still other and newer fields of analysis via digital 
techniques is the inclusion of automatic analog- 
to-digital conversion plus integration (count totaliz- 
ing) in one small unit, as shown in Fig. 16. 
Here an analog signal applied to the input causes 
a reactance oscillator to change frequency by a 
proportional amount (10 ke per volt input). This 
change in frequency is detected by heterodyne tech- 


Counting Rings 
Another useful electronic counter circuit is the 
ring counter, shown in Fig. 17. This is a simple 


ring-of-five counter. 


*EPUT is a registered trademark of Berkeley Div., Beckman. 
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Fig. 18. Serial addition of two binary numbers 10! and 
101. 
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This circuit uses the slight delay between input 
and output of a flip-flop to act as a memory for a 
carry pulse. When the circuit is first turned on, 
the double-pole double-throw pushbutton switch (S) 
is depressed. This action first disconnects the clock 
and then, by means of a large positive voltage ap- 
plied to preset pin 9 of the last four flip-flops, 
these counters are reset with left halves cut off 


(or 0 state) so that the negative clock pulse input 
(to pin 5) does not initiate a change of state in 
any of these counters. However, the first flip-flop 
on the left is preset with its output pin 7 high (in 
the 1 state). This means that when the pushbutton 
is released, the clock finds the first flip-flop with 
the right half conducting (refer to Fig. 12) so that 
the first negative clock pulse resets this first counter 
stage. Due to the slight delay in the flip-flop, by the 
time output 7 of the first counter falls to pass on 
a negative carry pulse to the second counter, the 
clock pulse on its input 5 is over. The second flip- 
flop is then changed over by the carry pulse with its 
output 7 high (1 state). The 1 state has therefore 
been shifted from the counter on the left to the 
second counter. The second clock pulse now by sim- 
ilar action shifts the 1 state in the second flip-flop 
to the third one. With the fifth clock pulse, the I 
state is transferred back from the rightmost counter 
to its original position in the leftmost counter. 
This ring action continues as long as the counter 
bank is supplied with power. Such ring circuits 
have many uses, including driving an electronic 
multiplexer without a matrix. 


ARITHMETICAL OPERATIONS 
Binary techniques for accomplishing arithmetical 
operations will be illustrated by examples in serial 
and parallel addition and in parallel multiplication. 


Binary Addition—Serial Method 


The most common method for performing binary 
addition is called the serial method. By this method, 
two binary members, such as 101 and 101, are add- 
ed by commencing with the right-hand column 
and progressing to the left. carrying a 1 to the next 
higher column when a (1 + 1) addition is in- 
dicated (Fig. 18). The two numbers A and B can 
be thought of as two pulse trains entering an add- 
ing device. The 0’s represent no pulse and the 1’s 
represent a pulse. The pulse trains A and B are 
synchronized so that corresponding columns enter 
the adding network precisely simultaneously. The 
two numbers “march” into the adder at the rate 
of, say, one column per microsecond. As will be 
shown, the adding device must be a digital network 
arranged to perform the addition defined previous- 
ly in this discussion (that is, 1 + 1 = 0, carry 1). 


A “carrying” circuit supplies a third pulse, input 
C’. The “carry” signals are fed back from the 
output through the one-pulse-period delay. The 
“Carry” digit is thus added to the next higher-order 
column, and is indicated with a prime sign (C’) to 
show that it is generated one-pulse-period earlier 
than the A and B inputs. Fig. 18 shows how the two 
digital numbers A and B are added in four pulse 
periods, 
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| Fig. 19. Parallel binary addition at end of first pulse | 
for addition of two numbers I11 and 101. 
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Fig. 21. Block diagram of system for parallel multipli- 
cation. 











Binary Addition—Parallel Method 


The serial method of addition requires one more 
pulse period than there are columns of digits to 
be added. If a faster addition is required, the 
parallel method (Fig. 19) can be used. 

The parallel method requires one set of carry 
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and sum packages, each containing as many 
adding devices as there are columns to be added, 
plus one. Sum packages are simple flip-flops while 
carry packages are single-stage dividers. The two 
numbers to be added enter the parallel adding sys- 
tem of Fig. 19 at the first pulse period only and 
appear simultaneously at the inputs of the cor- 
responding carry and sum packages. A pseudo sum 
then appears at the output of the sum packages, 
while the output of each carry package is a 1 if a 
carry has resulted, or a 0 if not. The output of 
each carry package is fed down to the next left 
sum package where it may change the pseudo sum. 
The same carry output is also fed to the next left 
carry package where it may, or may not, produce 
a carry. This is automatically repeated until no 
more carries are generated. Whenever the pseudo 
sum receives no change from any carry package, it 
has become the final true sum. 

The following example shows how this is done: 


Pulse 1 O11] Number A, 7 


0101 Number B, 5 
0010 Pseudo sum #1 
Pulse 2 1-1- Carry #1 
1000 Pseudo sum #2 
Pulse 3 -1-- Carry #2 
1100 Pseudo sum #3 
Pulse 4 - - - - Carry #3 (None) 
1100 True sum (No change), 12 


The time required to perform the addition de- 
pends on the “pulse period” (or inherent reaction 
rate built into the package) and the number of 
carries, which can be as many as there are places 
in the answer. 

In the longest case, the carry may have to be 
cleared throughout the entire number, as follows: 


Pulse 1 11111111 Number A, 255 


weeeeee J Number B, 1 
11111110 Pseudo sum #1 
Pulse 2 ------ l- Carry #1 
11111100 Pseudo sum #2 
Pulse 3 | Carry #2 
...andsoon...to 
LOOOOO00 Pseudo sum #7 
Pulse 8 ]------- Carry #7 
100000000 True sum, 256 


Here nine delay intervals would be required. 


In the shortest case, only two delay intervals are 
required: 








Fig. 22. Complete 


circuitry of system of — 


Fig. 21. 
RESET 
N;N> 
Pulse 1 IILLIIII Number A, 127 
1111111 Number B, 127 
0000000 Pseudo sum #1 
Pulse 2 1111111- Carry #1 
11111110 True sum, 254 


Electronic Multiplication 

Multiplication, as was shown in Chapter 1, is 
essentially a series of shifts and additions in binary 
as in decimals. In principle then, one can multiply 
simply by adding. However, a neat way of multi- 
plying binaries consists of the halving and doub- 
ling technique. 

If we wish to multiply the decimal numbers 7 and 
3. let us continue to halve either number (7), throw- 
ing away any remainder and simultaneously doub}- 
ing the other number (3). In chart form, this 


would look like this: 


Halve Double Left column is: Retain 
7 3 (odd) 3 
3 6 (odd) 6 
| 12 (odd) 12 
0 24 (even) 0 
Product is 21 


Examining the left-hand column, wherever the 
number is odd, retain the number in the right- 
hand column. (Consider 0 to be even.) If we follow 
this convention and add the numbers retained, we 
find that we have the sum of 3. 6, and 12, which 
is 21, the desired product. 

If we apply this technique to the product of 13 
and 3 we get: 
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A REGISTER 
Left Column is Retain 

13 3 (odd) 3 
6 6 (even ) 0 
3 12 (odd) 12 
l 24 (odd) 24 
0 48 (even) 0 
39 


The product is 39. 

What makes this particularly attractive in a 
binary computer is that one can halve a number 
and throw away the remainder by the simple trick 
of right-shifting it, thus: 


ae = 7 ’ 
ll = 3 

= 3 

= 


Similarly, one can double a number by left-shift- 
ing it. Thus: 


i = & 
0110 = 6 
1100 = 12 


It is also evident that a binary number always 
can be tested for oddness by looking at the least- 
significant bit—if the number is odd, that bit will 
always be occupied by a one. Thus we see that 
simply by use of left shift, right shift, and testing 
the least-significant bit, we can rapidly multiply 
numbers in binary code. 









N, REGISTER 
















No REGISTER 


Multiplication Circuitry 


In order to multiply two binary numbers, we 
must store them in registers, right-shift one register, 
left-shift the other, and test the least-significant bit 
in the right-shift register. Fig. 20 shows a circuit 
for a right-shift register. The count (or number) in 
the register is indicated by the state of the flip-flops. 
Upon receipt of a “shift” command pulse, a pulse 
is carried to the next stage if and only if a count 
was stored in the previous stage. 


Fig. 21 shows a system for parallel multiplica- 
tion. It has three registers, two of which contain 
the numbers to be multiplied and one to store the 
sums. The registers are shift registers. If we wish 
to multiply 7x3, as previously suggested, the 7 is 
stored in the N, register, which right shifts to halve 
the numbers; the 3 is stored in the No register, 
which left shifts to double the numbers. The “A” 
register is to contain the product. 


After the numbers are introduced, we test the 
least-significant bit by using the “and” gate which 
transfers the count standing in the Noe register into 
the “A” register only if the count in the N, reg- 
ister is odd. We then left-shift the N» register, 
right-shift the N, register, test its last bit, and add 
the new N. count to the count stored in the A- 
register (if the N, register count is still odd). 
This is repeated to completion, which is indicated 
when a (0) count stands in the N, register. The 
complete circuitry for performing these operations 
is shown in Fig. 22. 

The time to make a multiplication is thus: 

If it takes one microsecond per operation, a 
multiplication of a 10-bit number would take twenty 
microseconds. 


Note also that the product occupies more register 
space than either of the two numbers being mul- 
tiplied, and the “A” register must be made large 
enough to accommodate the largest number of bits 
that can be generated. Thus, a 20-bit “A” register 
is needed for multiplying two 10-bit numbers. For 
addition of two 10-bit numbers, however, the “A” 
register need only be eleven bits long. Ordinarily, if 
the result exceeds the size of the register, an over- 
flow light is energized, and the computer is auto- 
matically stopped. 
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In our next issue we explain techniques used 
by medium-sized general-purpose digital com- 
puters, including programming methods used 
by each. 
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The purpose of these short biographical sketches 
is to provide our readers with an insight into the 
lives of some of the military and scientific leaders 
now guiding the development of automation for the 
U. S. Armed Forces. This month we are happy to in- 
troduce Mr. Ernest A. Goetz, Assistant Chief Engineer, 
Arma Division, American Bosch Arma Corp. 


ERNEST A. GOETZ 





“His ruling passion is simplicity.” This is often said 
of Ernie Goetz. It characterizes not only the business 
life, but also the home life of Ernie, one of the scien- 
tific leaders now guiding the development of automa- 
tion for the different branches of the U. S. Armed 
Forces. 

The notion of the good life and what men live 
for is deeply embedded in the Goetz home base. . . a 
gardened, dwarf-orcharded three-quarter-acre at Glen 
Head, Long Island, N. Y. Here, the persuasions of the 
humanities so supercede those of the scientific as to 
make one certain indeed that Ernest Jr. (8) and Mary. 
Margaret and Agnes Patricia (respectively 54, 4 and 
1) would little believe their dad has any more serious 
obligation than to take them picnicking come Satur- 
day. For, business never enters here. Simplicity at 
home is typified in a husband and father with hobbies 
aplenty but controlled for time to have fun with his 
wife and thildren. Ernie paints in oil—landscapes and 
portraits—collects and remodels guns, does color pho- 
tography and is expert in woodworking, that basic 
essential of young marrieds with an expansible ranch 


house and bent on raising a family. 

Born in Brooklyn, N. Y., in February 1920, Ernest 
A. Goetz chose Brooklyn for his education and also 
the start of his career. He received his B.E.E. from 
Pratt Institute in 1941 and immediately joined Arma, 
then located in Brooklyn. By subsequent night courses 
he acquired his M.E.E. in 1947 from Polytechnic 
Institute of Brooklyn, and since has done further grad- 
uate work in the field of communication theory and 
mathematics. 

Mr. Goetz’s entire career has been in research and 
development concerned with advanced systems engi- 
neering for our modern, complex fighting machine. 
His numerous personal contributions are related to 
many of the Arma systems for the military, including 
the operational B-52 defensive system, an inertial 
guidance system being developed for the Air Force 
intercontinental ballistic-missile program, defense sys- 
tems for USAF long-range bombers, automatic gun- 
laying systems for main and anti-aircraft batteries, 
navigation systems for the Navy, fire control and navi- 
gation systems for the Army, pro- and anti-submarine 
warfare systems, aircraft navigation systems, and pre- 
cision automatic controls for atomic power installa- 
lions, 

The research, development and engineering on these 
systems has carried successively more important roles 
for Mr. Goetz. Like most of his associates he started 
as a junior engineer. By upward steps he became an 
assistant engineer. engineer, head of the Servo Depart- 
ment. head of the Computer Department, administra- 
tive director of the Research and Development Section, 
assistant chief engineer of the Research and Develop- 
ment Section. In February, 1956, he became assistant 
chief engineer, Missile Guidance Section, where some 
500 professional personnel, engaged in one of the 
most challenging projects of the era, are under his 
direction. He is responsible for all engineering efforts 
on a guidance system for an ICBM. 

Along the way, by work on the actual development 
of such critical system components as analog and dig- 
ital computers, gyroscopes, accelerometers, inertial 
platforms, servomechanisms, electromagnetic and elec- 
tronic components, radar, electronic countermeasures 
and infrared, he has participated with Arma Division 
in advancing the capabilities of many weapons systems. 
These include systems for submarines, surface ships, 
strategic and tactical aircraft, AEW aircraft, penetra- 
tion and bombardment weapons, countermeasure 
equipments, tactical and strategic surface-to-surface 
missiles and air to surface missiles tanks, heavy ar- 
tillery and other land, sea, and air vehicles. 

Of his present job he says “I enjoy it because it 
continually challenges me to master the exact defini- 
tion of objective, and, with respect to all on the proj- 
ect, to develop enthusiasm and proper motivation.” 

Mr. Goetz is a member of the Air Force Association, 
American Ordnance Association, United States Naval 
Institute, American Institute of Electrical Engineers, 
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NEW 


ALI VTVM TYPE 810 





Featuring: 

¢ Balanced amplifier: for high stability 
¢ 700 mc high frequency probe — 

smallest in the industry 

¢ Voltage regulator provides stable dc 
for ohmmeter, minimizing line volt- 
age effects 

High loop gain in the amplifier and 
total feedback assure long-time ac- 
curacy and nullify tube parameter 
variations 

Balancing diode used to match char- 
acteristics of probe, adding further 
stability 

This VTVM, a new presentation from 
Acton Laboratories, provides circuit im- 
provements and techniques which com- 


) bine to give stable characteristics and 


long-time accuracy. The mechanical de- 
sign provides an instrument of conven- 
ient size, and a miniature thermionic 
diode probe. Color coded meter scales, 
properly grouped, provides exceptional 
readability on all ranges. 
SPECIFICATIONS 

Voltage Ranges: 

DC — Full scale ranges 1-3-10-30-100- 
300-1000 Volts (Plus and Minus) 
AC— Full scale ranges 1-3-10-30-100- 
300 Volts (RMS) 

Resistance Ranges: 

0.2— 500 ohms scale; multipliers, X1, 
X10, X100, X1K, X10K, X100K, X1M 
Accuracy: 
DC: +2% AC: +3% 
Frequency Response: 

+1 db; 10 cps to 700 mc 


Write ALI for complete technical infor- 
mation — published in Laboratory Re- 
port, Vol. II, No. 1. 








Acton Laboratories, Ine. 
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Sonar Radar 


EW 25-lb portable radar enables a front line 
N foot soldier “to see with his ears.” 

The device is designed to give the smaller, 
mobile, advance forces of America’s “new look” 
Army their own localized battle area surveillance 
of enemy movements—despite a curtain of battle 
smoke, darkness or fog. 

Extreme lightness and ruggedness is attained by 
eliminating the usual radarscope. Instead, a mov- 
ing enemy vehicle or foot patrol produces audible 
sounds of distinctive character in the headphones 
of the set—so that its soldier operator, in effect, 
“watches” enemy movement with his ears. 








Ree ee: 


Army's smallest radar avoids use of radarscope 
and produces distinctive audio signals in headset. 


Effective to Three Miles 


The radar set can reveal the difference between 
fixed and moving targets at varying ranges up to 
three miles. It also distinguishes a vehicle from 
moving personnel, and indicates whether a single 
vehicle moves on track-type treads or wheels. It 
warns of any movement, reveals the path of mo- 
tion and probable nature of moving objects and 
provides elevation and range data with an error 
less than 25 yards. It can detect a single man walk- 
ing a half-mile away. 

Photo courtesy Sperry Gyroscope Co. 
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GYROS 


for every application 


Kearfott Free, Vertical, Rate, 
Directional and Floated Rate 
Integrating Gyros and Stable 
Elements are accurate, rugged 
and dependable. They are 
designed to meet the most 
stringent aircraft and missile 
requirements. The Kearfott 
Free Gyro shown was designed 
specifically for missile 
applications. It provides airframe 
attitude information for use 

in guidance systems. Remote 
electro-mechanical caging 

and uncaging is provided. 













VERTICAL 
GYROS 





3 GYRO 
PLATFORMS 





KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, 
Tachometer Generators, Her- 
meticRotarySeals, Aircraft Navi- 
gational Systems, and other high 
accuracy mechanical, electrical 
and electronic components. 


RATE GYROS 





ACCURATE 
RUGGED 
DEPENDABLE 


Kearfott Free Gyros withstand 
60 G shock of .0157 secs. dura- 
tion, vibration up to 500 CPS 
at 10 G acceleration. Operating 
temperature range -20° C to 
+100° C. Weight 5.5 Ibs. 














FLOATED RATE 
INTEGRATING GYROS 


Write today for technical data on Kearfott Gyros. 





A SUBSIDIARY OF 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 


Midwest Office: 188 W. Randolph Street, Chicago, lil. 


South Central Office: 6115 Denton Drive, Dallas, Texas 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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FOREWORD 


Guided missiles are the product of a relatively 
new and undeveloped technology which places ex- 
acting demands on the ability of engineers and 
scientists. The development and establishment ot 
techniques for evaluation of guided missiles entail 
scientific problems without precedent in any field. 
Problems encountered to date pale beside the mag- 
nitude of those now being approached. 

The critical shortage of professional scientists 
and engineers has made the recruiting and retention 
of such talent a serious continuing problem. The 
increasing urgency of this problem has led the 
Naval Air Missile Test Center to establish a Student 
Engineering Development Program wherein local 
high school graduates with high engineering poten- 
tial are developed into the type of exceptional en- 
gineering talent needed by the Center. In the course 
of the program, the students attain the theoretical 
and practical background necessary to meet the 
challenge of guided missile research, testing, evalua- 
tion and development. 












































D. G. DONAHO 
Captain, U. S. Navy 
Commander, 


U.S. Naval Air Missile Test Center 
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PRACTICAL WORK with electronic 
equipment is introduced early in the 
student engineering program. 
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~\TUDENT ENGINEERING DEVELOPMENT 

, ) (SED) PROGRAM is a five-year plan for de- 

veloping engineering talent for the U. S. Naval 
Air Missile Test Center. Point Mugu, California. The 
plan combines a three-year cooperative work-study 
program leadingto an Associate-in-Arts degree and a 
two-year scholarship program leading to a Bachelor 
of Science degree. It also provides an opportunity for 
a student to earn a Master of Science degree during 
his first three-year work period at the Naval Air 
Missile Test Center. 

The SED program, as proposed and initiated by 
Commander Leonard L. Brannan, Industrial Relations 
Officer, Naval Air Missile Test Center, Pt. Mugu, is 
a type of grass-roots program that contains the germ 
of a reproducible idea—one that could well be emu- 
lated elsewhere by laboratories, government, research 
foundations and business organizations. (The plan 
has certain features in common with promotional train- 
ing programs already used by IBM and other nation- 
ally-known industrial organizations). 

The specific objectives of the SED Program now in 
operation at the NAMTC are: 

1. To attract, motivate, and provide opportunities 
for competent young people of the local community 
to enter the field of engineering. 

2. To develop young people of high potential, se- 
lected from the high schools of the local community, 
into capable professional employees by means of for- 
mal academic training and planned work experiences 
under professional engineers. 

3. To provide the Naval Air Missile Test Center 
with a continuing supply of competent engineering 
personnel rooted in the local community and devoted 
to a career in guided-missile engineering at the Center. 

4. To permit the student to earn while learning and 
to get first-hand experience in his chosen work. 


March-April, 1957 








. 


win i A 1: Alt oc ABs isha 











ay 


STUDENT ENGINEERS analyze and repair electronic gear in the well- 


equipped shops of the Technical Service Department. 


5. To give the student an opportunity to fulfill his 
military obligation without interruption to his career 
in engineering. 

As shown in Chart I, the SED Program comprises 
three phases, each being an important step in the 
professional advancement and growth of the student. 


Phase I embraces a three-year work-study program 
in cooperation with Ventura College. The student is 
initially employed during the first summer as a Stu- 
dent Trainee, GS-2, on a full-time basis at full pay. 
During the second and third summers he participates 
in military reserve training. 

During the first three academic years, the student 
attends school one-half day and works at the Center 
one-half day for which he is paid in his grade, on a 
part-time basis, for the actual hours worked. The 
academic portion of this phase covers the first two 
years of an engineering curriculum leading to the 
Associate-in-Arts degree. The work portion consists 
of work assignments of increasing technical difficulty 
and responsibility, rotated among the different depart- 
ments of the Test and Evaluation Facility of the Test 
Center. 


Phase II provides for full-time on-campus develop- 
ment with pay at the grade levels of GS-4 and GS-5 at 
either the Berkeley or Los Angeles Branch of the Uni- 
versity of California. The student who demonstrates 
his proficiency both on the job and in the classroom 
during the first phase of the SED Program and is able 
to meet admission requirements of the University of 
California is given on-campus training for the junior 
and senior years of the engineering curriculum, for 
which he is obligated to fulfill a work period as ex- 


plained under Phase III. During the summers he is 


employed fulltime at NAMTC. 


Upon graduation and after receiving the Bachelor 
of Science degree in engineering, the student is as- 
signed professional engineering duties at the Naval 
Air Missile Test Center as a regular member of the 
technical staff. In Phase III, the student is obligated 
for one year of Federal Service for the first year of 
scholarship, and two years for the second, making a 
total of three years of obligated service to the Gov- 
ernment for the training received during the second 
phase of the SED Program. 

During the period of service under Phase III, the 
student is given an opportunity to take advanced 
work at the Center leading to the Master of Science 
degree, 

After the young engineer has been aboard the Cen- 
ter for three years as a permanent employee, he be- 
comes eligible to compete for a number of scholar- 
ships in technical and management fields. 

Unlike cadets at Armed Forces Service Acadamies, 
who may be “washed out” by relatively minor physi- 
cal defects, SED students are graduated as engineers 
unless disabled by serious health defects. 


The program offers many advantages to the student. 

The varied activities in the technical departments 
of the Center make it possible for a student to gain 
experience in research, design, development, testing, 
and evaluation of guided missiles and their com- 
ponents. By rotating on job assignments (Chart II) he 
determines the type of work best suited to his in- 
dividual aptitudes, interests, and career objectives. 
His firsthand observation of the professional activities 
































CHART I—STUDENT ENGINEERING DEVELOPMENT PROGRAM 








FIRST YEAR | JUL-30 JUN 


SECOND YEAR | JULY-30 JUN | THIRD YEAR | JUL-30 JUN 





Phase | 
Work-Study 
Ventura College 











Summer School Year Summer School Year | Summer School Year 
STUDY !/2 DAY Work STUDY '/, DAY Work STUDY '/> DAY ® Associate 
Work -—————-——- OO be oF a Arts Decree 
Military Military 
WORK !/, DAY Training WORK !/, DAY Training WORK |, DAY 














SALARY RATE GS-2 $2,960 (Part Time Pay) 


SALARY RATE GS-3 $3,175 (Part Time Pay) 



























































| FOURTH YEAR | JUL-30 wun | FIFTH YEAR | JUL-39 JUN 
Phase II Summer School Year Summer School Year OCS or 
Scholarship : USNR b Bachelor of Science 
“ULL TIME STUDY FULL TIME STUDY . 
' P . D 
UCLA or Work JUNIOR YEAR Work SENIOR YEAR OPPOR egree in Engr 
UCB TUNITY 
GS-4 $3,415 GS-5 $3,670 | 
SIXTH YEAR SEVENTH YEAR EIGHTH YEAR 
| Jul-30 Jun 1 Jul-30 Jun 1 Jul-30 Jun 
Phase III 
Master of 
Obligated WORK WORK WORK Sci 
Work Period. (Advanced Study) (Advanced Study) (Advanced Study) oan 
- P : F egree 
Study Optional 6 units | 10 Units 4 Units and Thesis 9 
GS-5 $4,480; GS-7 $5,335 GS-9 6,115 | GS-11 7,035 

















CHART |I—TYPES OF TRAINING 





Training Period 


Academic Courses 


Practical Work Experiences 




















Engineering Orientation Machine Shop Practices 
Slide Rule Metal Shop Practices 
First Analytical Geometry Foundry & Pattern Shop Practices 
Sw Calculus Heat Treatment and Structural Fabrication Processes 
Drafting Engineering Drafting—Blueprint Processes 
Mechanics-Prop. of Matter Practical Application of Mathematics and Physical Sciences 
Humanities & Liberal Arts Familiarization—Electronic Systems and Equipment 
Engineering Mathematics Preparation of Reports, Graphs and Mathematical Computations 
Electricity and Magnetism Testing Procedures and Data Assessment 
a Heat, Light, Sound Testing Techniques on Practical Problems 
- Second Humanities and Liberal Arts Launchers and Environment Factors 
F-4 Year Standard Laboratory Test and Measurement Equipment 
a Construction, Maintenance & Modification of Electronics Equipment 
Photo-Optical Processes 
Chemistry Familiarization with Target Aircraft 
Surveying Launching and Handling of Missiles 
Third Engineering Materials Materials Procurement and Stock Handling 
Year Graphics Report Editing and Writing 
Statics Missile and Component Checkout 
Humanities and Liberal Arts Publication and Technical Visual Aid Design 
Circuit Analysis Ordnance Handling 
Electrical Machines Serviceability Monitoring Techniques 
Engineering Dynamics Testing of Air Frames and Structures 
= Fourth and Fluid Mechanics Aeronautical Engineering Design 
8 Fifth Engineering Laboratory Electronic Engineering Design 
= Years Thermodynamics Mechanical Engineering Design 
Strength of Materials Planning, Estimating and Scheduling 
Professional Duties—Engineer ‘ 
Specialization Electives 
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and ethics of a group of technically trained person el 
encourages him to aspire to participate in these ac. 
tivities following graduation. 

The financial assistance offered the student allcws 
him to devote full time to the satisfactory completion 
of an engineering curriculum. Another advantage to 
the student is the opportunity of living at home dur. 
ing the work-study phase of the program. The training 
and experience received through the SED Program 
tends to instill a feeling of confidence and a healthy 


outlook for a successful career upon graduation, when §f 


young men are usually faced with a strange job in 
a strange community. 


The Navy and SED 


The Navy feels the need for thoroughly trained en. 
gineers to meet the increasing demand for tech. 
nological advancement. In addition, the Navy desires 
appropriate placement of graduate engineers in proper 
jobs. SED serves as a medium of acquiring thoroughly 
trained engineers and placing them properly. 


The Navy gets the opportunity to observe and aid J 


in the development of promising students, while train. 
ing them in the particular methods used at the Center. 
Upon graduation the young engineer needs little 
“breaking in.” The SED graduate-engineer enters into 
full-scale production without the usual non-productive 
learning period, or delays in assignment while his 
security clearance is being processed. 


Promotional Opportunities 


The student advances in grade and salary as he 
progresses in the SED Program, as shown in Chart I. 

Upon graduation the young engineer or scientist 
returns for duty at the maximum in-grade step ol 
GS-5. After a minimum time of three months, he maj 
be advanced to the GS-7 grade (top step) by allowing 
credit for professional experience as an engineer and 
appropriate experience as a Student Trainee, GS-5. 


Scholastic Qualifications 
Applicants are limited to the graduating classes o! 
the local high schools of Ventura County, California. 
They must be 16 years old and have completed a pre: 
engineering college-preparatory curriculum, with an 
average grade of “B” or better. 


Entrance requirements of Ventura College for its 


pre-engineering curriculum, and current Civil Service 
requirements for appointment to the position of En- 
vineering Aide, GS-2, must be met. 


Military Reserve Training 


The student has an opportunity to participate, i! 
physically qualified, in a military training program 
to meet his military obligation while pursuing the Stv 
dent Engineering Development Program. 

It is planned that the second and third summers, # 
indicated in Chart I, will be be used for active militar’ 
training so that this training combined with 71% year 
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t L@STUDENT ENGINEERS test metal hardness in the 
tit @metallurgy laboratory at Ventura College. 

ol 
nay to your ad department and agency—reminding them to plan now 
ring with a military reserve unit can won the eight-year to advertise in the 1958 iA Handbook & Buyers’ Guide 
and obligation required under the Reserve Forces Act of 
» 1955. 


Industry's only instrument-control equipment 
Upon completion of the four-year engineering cur- buying directory, the Guide offers you... 
riculum, the student is eligible to apply for Officer 
s o#Candidate School or a commission in a military re- 
nia.§serve program. Entree to 23,000 buyers of instrument and auto- 
K matic control equipment. 






an, At this stage in his career he may elect to remain | 
on active military duty as an officer. 4 A directory listing equipment, names and ad- 
all ‘S dresses of 3,000 manufacturers. 
vicef¥@COmmander Brannan writes— 
Fy | Ve are proud of our Student Engineering Develop- ® Twenty-two years experience selling to OEM and 
ment Program and are pleased to say that the Navy | end users. 
has adopted it as a standard Guide for similar pro- | PUBLICATION 
grams at other commands. We are also proud to point | Y Year ‘round contact with industry's big buyers. 


out that our program is in operation. We have twenty DATE 
>, iboys in Ventura College, enrolled in lower division 
ranengineering work, and have phased-in five students | 
Stu@at the University of California in Berkeley and Los 


Angeles in the upper-division engineering curriculum. 


; ag Ve plan to enroll twenty additional students in Phase INSTRUMENTS PUBLISHING co... INC. 
I in July, 1957, and ten more students in Phase II] 845 Ridge Ave Pittsburgh 12. Pa.. FAirfax 1-0161 
bd | ' °F 


next fall,” 


Reserve your ad space now. Forms close August 15-3!—write: 





ONM March-April, 1957 97 





Streamlining the 


Federal Supply Systems 





FIG. 1. TRANSCEIVER SIMILAR to those used in the CONUS-DTSN. The machines, 


made by IBM, are used to exchange information on punched cards between all net- 


work points. (U.S. Army Photograph.) 





On February |, 1957, the Assistant Secretary of Defense 
for Supply and Logistics formally announced the inauguration of 
an electronic data processing system to be utilized in processing 
a portion of the tremendous quantities of data involved in ef- 
fective maintenance of the Federal Catalog System. This data 
processing system is installed in the Cataloging Division of the 
Office of the Assistant Secretary of Defense for Supply and 
Logistics, Washington, D. C. 


Currently, this office is in the process of converting the data 
in its electric accounting machine card files to magnetic tape 
for use in the 705 System. Following this step, actual processing 
of daily transactions will be performed on the new system; how- 
ever, concurrent processing operations will be continued with 
punched cards for a sufficient period of time to detect and 
solve any unforeseen problems. This is one of the latest devel- 
opments in the streamlining process herein described. 








World Wars and the Korean Cam- 

paign using an antiquated multiple 
“system” of supply. This system (or rather, lack of 
system) was a natural outgrowth of the historical cog. 
nizance system under which each Army Corps and 
each Navy Department maintained its own supply sys- 
tem. Prior to World War I this method worked smooth. 
ly. Increasing mechanization and automation of a 
large number of the implements of modern warfare 
have made necessary the supply of millions of com. 
ponents, many of which are used by all services and by 
several branches of each service. 


U ARMED FORCES have fought two 
oa 


Public Law 436 


The military services and the Department of De- 
fense have recognized the need for a single catalog 
system for many years. At the end of World War Il, 
27 different types of stock numbers were in use by 
the military activities. The same item frequently ex- 


isted in two or more supply systems, identified by § 
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different names, different descriptions and different § 


stock numbers. No wonder that the sale of an item 


as surplus by one service often occurred just before 


another service found that it must advertise for pro- 
curement bids on the same item! 

The task of converting to a single catalog system 
would be prodigious and costly. A complicating re 


quirement was that conversion must take place while § 


the various service supply systems were actively sup- 
porting the Armies, Air Wings and Fleets. The new 
structure must be built and checked before the old 
systems could be abandoned. 

Accordingly, at the request of the military services 
and after endorsements by the Executive Branch 
and by the Hoover Commission, Congress in 1952 
passed Public Law 436 directing the Department of 


MILITARY AUTOMATION 


stock re 
personn 
Federal 
complet 
catalog: 
by man. 
by the « 
actions 

languag 


The 
The ] 


item rep 
of the g 
(a) a 
(b) a 

a 

te 


oo rm © @O 











[wo 


ple 

of 
og: 
and 
38+ 
oth- 
f a 
are 
om: 


log 


rent 
tem 
fore 
pTO- 


tem 
Te 


hile 


sup 


new 


old 


inch 
952 
t of 


Defr-nse to develop, establish, and maintain a single 
item identification system for use within and between 
all |.ureaus, services, and commands. Since that time 
the cataloging organizations of the three military 
departments and that of the Office of Assistant 
Secretary of Defense (Supply and Logistics) have 
identified almost 4-million “thought-to-be different” 
items of supply in accordance with the uniform, or 


5 Federal Catalog System. Now over 20,000 approved 


item names have been authorized and cross-referenced 
to cover 34,000 names no longer authorized. With 
completion of the initial job of identifying existing 
military items in December 1956, The Federal Stock 
Catalog contained a total of 3,129,000 supply item 


S identifications. 


Conversion 


The business of buying, stocking, and dispensing 
equipment and supplies for the Armed Forces is di- 


i vided between many different managers in each serv- 


ice. For example, the Bureau of Ordnance buys ammu- 


§ nition boxes for the Navy, the Ordnance Corps buys 


for the Army, and the Gadsden Air Force Depot buys 
this item for the Air Force. Each of these managers 
must have all its needs supplied during the conversion 
period; each must complete necessary paperwork 
changes and physical changes. 


Paperwork changes encompass the changing to Fed- 
eral identification data such records as stock records 
cards, due-in cards, due-out cards, requirements rec- 
ords, procurement records, work order records, fi- 
nancial records, other related material accounting and 
reporting changes, also catalogs, handbooks, manuals 
and maintenance documents. The physical changes 
which are related to warehousing, are changes to 


) stock locator records, bin tags, stock markers, item tags, 


stock remarking, and sometimes re-warehousing. Also 
personnel must be trained for the change-over to the 
Federal System. Because of the magnitude of the task, 
complete conversion from previously-used systems of 
cataloging and identification will proceed separately 
by managers, who are all scheduled to be converted 


5 by the end of 1958. After this time all supply trans- 


actions in the military systems will use the common 


} language of Federal Stock item identifications. 


The Common Language of Identification 


The Federal Catalog System establishes for each 
item repetitively procured and stocked by any branch 
of the government: 

(a) a single name. 

(b) a single identification, either by a description 

of its essential characteristics or by reference 
to manufacturer’s data numbers (Fig. 3). 

(c) one location in a System of Classification. This 
system now comprises 75 groups, further 
broken down into 535 classes. Each item can 
appear under only one classification. 
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FIG. 2. CONTINENTAL UNITED STATES DATA TRANSCEIVER 
Switching Network (CONUS-DTSN), by the Army Signal Corps and 
the Long Lines Department of American Telephone and Telegraph 
Company to speed up the flow of supplies and keep stockpiling to 
a minimum. (U.S. Army Photograph.) 








Detail (Electric 
Accounting Machine - 

























EAM) Card 
“li 
s 
Pew ER TTT nde e eee he +e i 
° ‘8 
eee wee orem comeres + | FED SUPPLY CLASS FED ITER 1OENTH HO STO COMMODITY CLASS FC HO. FED OF WO ACTIVITY STOCK NUMER 
gprtzz2? PEEESEEEEISSS ESS | | | 





"1. Can, IGRUETIC SEALING 4S0: R4205200-30 
steel 


3. protective coating data 
a. inside, tin coated 





oe seemil 






































? pt b. outside, tin co “ 
TRPEREE APES SPEER REEL 4. over-all din. 
pene seeeceecscccnes a. rd <aede Giles Game ) 
enenedeannrsnensasseass Ft Fed if dinner 
—_ b. H/A ; : : 
5, 6, 7, 8, 9, 10. B/ Sieoeeege cans vile. aaieiaae eae EEE EULER 
ta a i 222222 2222222802222222222222222222 
-foe | Sen ee 
3. code no ” 90836 “eae rit) 
% no, 300K40 H 995555 555555 
Federal i} s seseequesscecease 
It m GED UDER C pavevey vovegavevaveaiaaeany ; PRERLY DAPPER pone 
e . ae ‘ Oceceedeccceesccccsececccces ebecse sees 
= fication| = =—= | _ bass adesesssanneees sp 
ar —— 
TYPE 1 Dl] omome  _ LAllay54 [rmpamep ey BUAIR (ASO) 
OD. =.146 manvrmstia cans —_—— 4S012- 308380 











FIG. 3. THREE STANDARDIZED CARD FORMS are used by 
all military cataloging activities as the basic official record 
of all identification data. These are: (1) Federal Item Identifi- 
cation Card—contains minimum data to establish the essential 
characteristics of an item and differentiate it from every other 
item of supply. (2) Trailer Card—record of Federal Stock Num- 
ber (FSN), approved item name, using activity and activity 
stock number. (3) Detail Card—record of all manufacturers’ 
references related to and/or comprising the FSN—one refer- 
ence for each Detail Card. (U.S. Navy Photograph.) 





Trailer (EAM) Card 











{d) one stock number. The first four digits are the 
Federal Supply Classification assigned to the 
items, such as the number 6710 representing 
the class of motion picture cameras. The next 
seven digits are sequentially assigned to only 
one item throughout the entire system. A com- 
plete Stock Number is thus composed of 11 
digits. This Federal stock number applies only 
within the government supply systems and is 
designed for internal management. It does 
not replace or modify manufacturer’s numbers. 


The Standardization Program 


One of the major benefits of the Federal Catalog 
is the Defense Standardization Program wherein a 
comprehensive review is made of all items in military 
supply, and, through standardization, these items are 
reduced to a minimum. Standardization is accom- 
plished first through simplification or deletion of 
duplicates or near-duplicates and then through tech- 
nical analysis and redesign. 

The standardization program requires coordination 
between the various offices and managers which are 
interested in each class. For instance, primary re- 
sponsibility in class 6675 (Drafting and Surveying 
Instruments) is assigned to the Corps of Engineers 
Department of the Army for preparation, but the 
Bureau of Yards and Docks, Department of the Navy, 
and the Middletown Air Material Area, Department 
of the Air Force, are designated .as participating ac- 
tivities. 

A few typical accomplishments already achieved 
under the standardization program are: 


@ Simplification applied to parts for Boeing Aircraft 
resulted in elimination of 3,689 items out of 4,193 
items listed before simplification, leaving only 504 
items. Annual savings due to storage, catalog main- 
tenance, and record-keeping of eliminated items totaled 


$65,321.35. 


@ A savings of $465,000 on a 21,237 unit contract 
for shipping boxes, reusable, metal, was achieved as a 
result of design changes. 


@ Twenty-five styles of ceramic capacitors have been 
reduced to 3 as a result of a new standard specifica- 
tion. The reliability of the equipments in which these 
are used will be improved. 


@ Standardization of construction and related mate- 
rials have resulted in a reduction of 57 line items 
with an approximate savings of $2,400,000 based on 
lowered inventory value and handling costs. 


e@ A revised military standard for electrical and elec- 
tronic reference designation provides a method for 
correlating the graphical symbols in diagrams with 
parts lists and maintenance instructions. The standard 
encourages a trend toward prefabrication of small 
electronic units, which promotes the use of standard- 
ized units, simplifies stocking of spares, and reduces 
maintenance problems. 





Industry's Interest in the Federal Catalog 
System 


The Department of Defense, in explaining the new 
system, has emphasized that contact with normal pro- 
curement channels of the Army, Navy, Air Force and 
Marine Corps are the same as before. These offices 
can explain any questions dealing with the Federal 
Catalog system. With items under procurement, the 
contractors can save time and achieve a better item 
identification if reference is made to Federal Stand- 
ard #5, “Standard Guides for Preparation of Item 
Description by Government Suppliers.” This is avail- 
able at all General Services Administration Regional 


Offices. 


Protection against the co-mingling of “will-fit” parts 
with quality parts is best provided if adequate techni- 
cal data is made available by the contractor to enable 
the supply system manager to develop a precise quality 
item identification. 


Electronic Processing of Supply Data 


The simplification and systematizing of military 
logistics is making possible the more effective use of 
electronic data processing by the various inventory 
managers. 


That venerable military bottleneck, the letter, also 
is being eliminated in military logistics systems. The 
Army has recently announced its new Data Trans- 
ceiver Switching Network (Fig. 2) which speeds the 
flow of information data, and materials for Army 
Supply within the Continental United States, using 
data transceiver equipment made by IBM (Fig. 1). 
Information on punched cards is exchanged as desired 
between 33 military installations which are inter- 
connected through five Bell Telephone System switch- 
ing centers. This development extends the benefits of 
central electronic data processing to each outlying 
installation at minimum cost and eliminates manually- 
wriiten order-forms and letters which have been used 
until now even between mechanized supply depots. 


RADM. Thomas L. Becknell, Jr., Chief of the Bu- 
reau of Supplies and Accounts, U. S. Navy, recently 
stated, “in case of total war it takes too long to hire 
and train additional people after M-day (mobilization 
day). It takes too long to remodel office space, adjust 
procedures and to adapt to new conditions. It is too 
costly to over-staff in peacetime, and too risky to wait. 
The inherent speeds and capabilities of the automatic 
data processing systems offer great promise in terms 
of ability to expand our capacity rapidly in wartime 
without significant additions of plant or people. 


“In other words, if and when “M-day” comes in 
this age of supersonic aircraft, guided missiles, and 
atomic-powered submarines and warships, Navy sup- 
ply will be better able to keep pace with its customers’ 
demands—thanks to its new ‘electronic hardware.’ 


NADAR Scores 
Rocketry Meet 


James Carey 


Autonetics Div., North American Aviation, Inc, 


NADAR, magnetic tape recorder-reproducer sys. 
tem, made its first operational appearance in the air-to- 
air rocketry phase of the recent USAF Weapons Meet 
at Vincent Air Force Base, Yuma, Ariz. 

The compact 16.6-pound NADAR recorder unit rode 
aloft daily at altitudes ranging from about 11% to 7 
miles in forward compartments of four competing 





Enclosing tape reels and tape guides, the NADAR 
tape magazine is readied for installation on the hub 
drive mechanism by airman shortly before USAFE 
F-86D takes off for rocket firing. 


teams’ North American F-86D Sabre Jet interceptors. 
These teams represented the Eastern Air Defense 
Force, which emerged with top honors in the competi 
tion, Air Training Command, Far East Air Force and 
U. S. Air Forces In Europe. The other half of the 
NADAR system—a ground-based reproducer or play: 
back unit—operated at the completion of these teams 
sorties or make-up flights in strategically-located op 
erations huts along the flight line. Armament judges 
checked each NADAR-equipped aircraft’s record tape 
before and after each sortie and witnessed the post 
flight playback on the ground-based reproducer. 


The Firing Run 


The all-weather interceptors competing in the ait- 
to-air rocketry meet closed on their aerial targets a 
about 1,000 feet per second. Pilots flew no slower 
than 430 miles per hour at the 9,000 foot pass, and 
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200-2500 mc/s 


Here is a proven source of de- 





pendable, high-level r-f power 
that provides complete cov- 
erage from 200 to 2500 me/s 
with just one simple band 
change. The model M1141 pro- 
vides exceptional frequency 
stability and choice of self- 
contained sinusoidal or square 
wave modulation. These fea- 
tures, plus reliable, trouble- 
free operation, make the 
M1141 the best general 
purpose oscillator available 
anywhere. Look at the speci- 
fications listed below. 


MAXSON MAKES 





Specifications 
Frequency Range: 

200 to 2500 mc (in two bands, 
200-1050 and 950-2500 mc/sec) 
Coverage to 3000 mc/s upon spe- 
cial request. 

*Power Output: 

200- 400 mc—at least 40 WATTS 
400-1050 mc—at least 25 WATTS 
1000-2500 mc—at least 10 WATTS 
(Power output variable by front 
panel control.) 

Calibration Accuracy: 

+1% or +5 mc, whichever is 
greater 

Resettability: <0.1% 

Output Impedance: 

50 ohms (nominal) 

Modulation: 


1. External; 2. Internal square- 

wave, 400 & 1000 cps; 3. Inter- 

¢ 400 & 1000 cps; 
. CW 


Power Requirement: 


115V a-c, 50/60 cps, single- 
phase, 375-watt 


Request “Maxson Instruments 
Catalog Sheet 101D” 


47-37 Austell Place 
Long Island City 1, New York 
Division of the W. L. Maxson Corporation 
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NADAR—Cont. 





were permitted greater speeds up to their plane’s 
capability. They fired rockets that travelled some 2,600 
feet per second, Delivery of the rockets was made on 
“lead collision course”, wherein approach and firing 
are from right angles to the target. 


During the rocket runs, the F-86D’s recorder was 
automatically placed in warm-up condition when the 
plane’s firecontrol system was turned on. No pilot 
attention was required. Immediately upon establishing 
radar lock-on, the recorder’s magnetic tape was auto- 
matically set in motion and began recording the at- 
tack display signals appearing on cockpit scope. These 
recorded signals represented artificial horizon (includ- 
ing pitch attitude), reference circle, time-to-go circle 
and steering dot as well as range-to-target and range 
rate information. 


“Re-Flying" the Mission 


Following completion of each mission, the recorder’s 
tape magazine was removed from the plane, installed 
in the reproducer and the recorded signals were im- 
mediately displayed on a dual-beam, cathode ray os- 
cilloscope. The tape didn’t have to be removed, re- 
threaded or processed in any way to prepare for this 
review of the attack operation by judges, pilots and 
air crews. Tape has a number of advantages over the 
standard scope-camera method for recording radar 
indications still in use on intercept planes not equipped 


with NADAR. 





Minutes after returning from rocket firing run, the 
tape magazine assembly is installed in ground- 
based reproducer. Two USAFE pilots wait for im- 
mediate playback of record of attack run. 


NADAR developed by North American’s Autonetics 
Div. for aircrew evaluation and training, is now either 
installed or committed for installation in all current 
USAF all-weather interceptors. 


The Navy’s Bureau of Aeronautics has recently 
ordered one-half million dollars worth of NADAR V 
for installation in carrier and shore-based all-weather 
aircraft. 


For more information circle 204 on inquiry card. 











—a complete line 
designed for 
high range— 

with stainless steel 

or beryllium copper 
construction. 


actual size 


Bourns —designer and manufacturer of its own Bourdon tubes—now brings this 
proved component to absolute and differential pressure potentiometers. Three instru- 
ment models are provided for an extensive range of applications. 





Model 704 

Differential Pressure Potentiometer — for corrosive fluids 
This unit has a stainless steel Bourdon tube and fittings, 

to withstand fuming nitric acid and other corrosive fluids. 

All mechanical joints are Heli-arc welded. The instrument will 
measure differential pressure between two high pressure sources. 


Model 705 

Absolute Pressure Potentiometer , 

This absolute pressure potentiometer measures pressures 
in ranges of 0-100 to 0-1000 psia—extending the range 
of Bourns Aneroid Capsule instruments. 


Model 706 

Differential Pressure Potentiometer — for non-corrosive fluids 
The Bourdon tube in this high range instrument is made 

of berryllium copper for use with non-corrosive fluids. 

With the low pressure port vented to the atmosphere, 

this unit can be used as a gage pressure instrument. 


All models have a durable stainless steel case... compact 
configuration... excellent linearity, resolution and hysteresis. 

The rugged linkage system and Bourdon tube assembly 

provide excellent shock, vibration and acceleration characteristics. 
All models are now in quantity production. 

Write for new literature. 


QURNS LABORATORIES 


General Offices: 6135 Magnolia Avenue Riverside, California 
Plants: Riverside, California— Ames, lowa 
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The Analog Computer 


Part Il 


Robert L. Yeager 


Electronic Associates, Inc. 


In the previous issue of this magazine, the components 
of a general-purpose analog computer were pre- 
sented. In this issue the author shows how analog com- 
puters are programmed to accomplish simulation of 
electromechanical and aerodynamic mechanisms. 





S WAS shown in the previous issue of this 
ecu. the general-purpose analog compu- 

ter comprises operational amplifiers, attenuators, 
multipliers—which can be connected via a patchboard 
to simulate systems of various types. 

One common class of problems involves connecting 
integrators and attenuators in order to solve basic 
differential equations. A simple example of the use 
of integrators is shown in Fig. 14, which illustrates 
the familiar falling-body equation: 

d*x/dt? = —g (1) 

Note that input to an integrator is always the nega- 
tive differential of the output. 

Closing the loop from the output to the input of a 
computer diagram effectively equates the output to the 
input, as shown in Fig. 15. This is the solution for 
the basic simple-harmonic-motion equation: 


d*x/dt? = kx (2) 


Analysis of a Servomechanism 


The analog computer has found wide application 
in analyzing servomechanisms. Let us assume that the 





Fig 14. Computer solution for falling-body problem. 





servo being analyzed is the continuous closed-loop 
positioning system shown in Fig. 16. For purposes of 
clarification we have divided the servo into five sec- 
tions as shown by the vertical dotted lines in the 
figure. The voltage 6, represents the desired shaft posi- 
tion; the feedback voltage 6, indicates actual shaft 
position. These two variables are compared in the 
differential, or comparator. The error equation repre- 
senting the difference between the input and the output 
is: 


e = 0, — 4% (3) 


The voltage error thus generated is amplified by a 
gain factor, K, in the servo amplifier and applied to 
the field winding of the d-c servo motor as the driv- 
ing voltage Ke. 

We can write the equation describing the voltages 
around the field winding as follows: 


Ke — Ry ip + Ldiy/dt (4) 


where Rye = field winding resistance; iy — field cur- 
rent; L = field winding inductance. 








. 








Fig. 15. Computer solution for spring problem. 
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Fig. 16. Typical continuous closed-loop positioning 
system. 


The equations describing the driving, damping, and 
load torques, and their relationships to each other, 
are: 


Ta = Kr ig (5) 
where Ty; = motor driving torque; Ky = gain fac- 
tor; ip = motor field current. 

T; = J d? 0,/dt? (6) 
where T; = load torque; J = load moment of in- 
ertia, 

te = d6,/dt (7) 
where Tp = torque due to viscous damping; D = 


damping coefficient. 
The relationship between these torques is: 
Kr ip = J d?0/dt? + D dé/dt (8) 
Equations (3), (4) and (8) describe the dynamics 
of this system and will be used for programming the 
problem. 


Scaling 


At this point, scaling should be introduced into the 
programming. The scaling operation relates the actual 
variables to the voltages simulating these variables in 
the computer. For example, we must decide how many 
volts are going to equal a degree of rotation, a de- 
gree per second of velocity, etc. Scaling relates the 
physical to the machine variables. 

Let us assume that this scaling operation has been 
properly accomplished and equations (3), (4) and 
(8) represent the exact machine equations to be pro- 
grammed into the computer. 


Programming the Computer 


Equation (3) may be represented easily by one sum- 
ming amplifier, as shown in Fig. 17. 

In programming equation (4), it is customary to 
rewrite the equation as follows: 

Equation (9) also can be written as: 

If we assume diy/dt to be a known quantity, it may 
be integrated to give ip. Having ip and e—the latter 
available from equation (3)—it is necessary only to 
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Fig. 17. Computer diagram for error calculation. 
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| Fig. 18. Computer diagram for field current cal- 
culation. 


* ¥ -2, 





2 
J 


Fig. 19. Computer diagram for calculation of 
shaft position. 

















Fig. 21. Six-channel recorder used to display 
pertinent time-varying variables. 
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multiply each by its appropriate constant and sum 
them together in order to get dip/dt; the quantity 
that was assumed to have been known. The computer 
wiring diagram for equation (9) is thus shown in 
Fig. 18. 

The programming of equation (8) also involves 
rewriting the equation so as to solve for the highest 
order derivative—as was done with equation (4). 
Hence the equation and wiring diagram take the form 
shown in Fig. 19. 

The over-all wiring diagram is obtained by putting 
the individual programs together and removing any 
redundant components. This final diagram is shown 
in Fig. 20. 

The components shown in Fig. 20 are connected via 
the removable pre-patch panel discussed earlier in this 
series. Upon inserting the properly-patched panel and 
setting the coefficient attenuators, the problem is 
ready to be “run.” ; 


Many types of input disturbances can be introduced 
into the system for various values of load, damping 
and gain factors, the latter parameters being deter- 
mined by simple potentiometer settings. All pertinent 
variables can be viewed on a time-base recorder of 
the type shown in Fig. 21. Thus, without the laborious 
mathematical calculations usually involved in the 
classical analysis of transient and frequency response, 
optimum values of all important parameters can be 
attained. Although we have treated a very basic prob- 
lem, systems involving much greater degrees of com- 
plexity can be investigated, with correspondingly 
greater savings in engineering time and money, 


Seat Ejection Study 


An interesting and important analog study, typical 
of the dynamic problems being solved on analog com- 
puters, involves analysis of safe pilot ejection from 
disabled high-speed jet aircraft.* The basic problem 
is that of ejecting the pilot in such a manner as to 
assure his safe removal from the plane. An ejection 
that occurs too slowly would place him in a dangerous 
position with respect to the tail fin, while one that 
is too fast may exceed human thrust limits (about 
20 G’s for exceedingly short time duration). 


A typical seat-ejection device (Fig. 22) consists of 
a ballistic charge enclosed in a telescoping tube which 
terminates in a small converging-diverging rocket 
motor. The tube rests below the seat in such a manner 
that when telescoping is effected by the explosive 
charge, the seat is forced away from the cockpit. At 
the time of full telescopic extension, the rocket motor 
begins to produce thrust and the entire assembly goes 
into a short period of stable, rocket-propelled flight, 
which assures complete removal of the pilot from 
the aircraft. Parameters, such as type of propellant, 
size of charge, friction between tubes, and mass of 
unit, must be considered. 


*This problem was analyzed by the Taleo Engineering Co., 
Hamden, Conn. 
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Fig. 22. Typical seat ejector. 
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Fig. 23. Development of S as an algebraic poly- 
nomial of Z. 


A ballistic problem of this nature can be represented 
by a total of 9 simultaneous differential and algebraic 
equations. All of these equations must be scaled and 
patched into the computer as previously illustrated. 
To show the entire program would be repetitious, but 
the wiring of two equations will be shown, 

In order to determine ejection acceleration and 
velocity, a continuous computation of propellant burn- 
ing surface must be made. The general equation that 
relates the propellant grain burning surface to the 
linear percent burned (Z) is as follows: 

S—k+Z2=mZ2 (10) 
where Z is the fraction burned of available grain 
burning length, S is burning surface area and k, | and 
m are coefficients that change with grain geometry. 
Thus, the grain geometries that should be investigated 
are obtained by setting coefficient potentiometers pro- 
ducing k, 1, and m. The wiring diagram for equation 
(10) is shown in Fig. 23. 

A second equation that must be programmed is that 
which equates all longitudinal forces within the tube: 


PA—F;(x) —aMg = Mx (11) 
where P = pressure acting on end of tube; A = in- 
side end area of tube; F; (x) = friction force as 


function of stroke; «@ = coefficient determining 
amount of “G” force acting “in line” with tube; g = 
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Fig. 24. Computer diagram for calculation of stroke. 





























32 ft/sec?; x — acceleration of ejected mass; M = 
mass of tube, seat and pilot. 

Fig. 24 shows the program for this equation. 

Thus we have shown the programming of two of 
the variables of the problem. The remaining variables 
are generated according to their respective equations, 
thus simulating the entire system. The time scale of 
the problem is lengthened by a factor of 100 because 
the real-time solution would normally take place in 
less than 0.25 second. The six-channel recorder shown 
in Fig. 21 can be used to record changes in pertinent 
variables as the different system parameters are in- 
vestigated. 

Thus, using analog simulation, the entire system is 
studied for different grain geometries, charge sizes, 
and tube and rocket structure under conditions of di- 
verse aircraft maneuvering, Optimum parameters then 
are selected to meet requirements for safe operation. 






























Fig. 27. Six-degree-of-freedom flight simulator in use at 


vate 


Oe we 


PPP» Seem : 


od, 


wre rr ree ’ 
eee @ 004 bat ¢ 


este 





Fig. 25. Longitudinal mode of aircraft motion. 


Role of the Computer in Flight Simulation 


Throughout the aircraft industry the analog com- 
puter is in general use for nearly all phases of modern 
aircraft design. After collecting basic wind tunnel data, 
the aerodynamicist constructs a set of differential 
equations which define the estimated dynamic response 
characteristics of the aircraft. Equations describing 
the control and stabilization systems are then deter- 
mined. When the aerodynamic data are programmed 
with control equations, the entire aircraft may be elec- 
trically simulated. Thus, after tentative system require- 
ments and airframe configuration have been estab- 
lished, an analog-computer study can be made of the 
complete system with all control and aerodynamic 
characteristics represented on the machine. During 
this analysis the simulated system is subjected to var- 
ious parameter changes and transient and steady-state 
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Fig. 26. Lateral mode of motion. 


responses are studied. Design characteristics are then 
varied and the study continues until an optimum sys- 
tem is represented by the computer. 

Aircraft simulation comprises three general phases: 

1. Study of Aircraft in the Longitudinal Mode— 
This study generally includes programming the three 
equations describing the pitch moment, vertical trans- 
lation, and longitudinal translation, as shown in Fig. 
25. In this mode, the study is restricted to three de- 
grees of freedom. 

2. Study of the Aircraft in the Lateral Mode.— 
Three additional differential equations describe yaw 
moment, roll moment, and horizontal translation (Fig. 
26). 

3. Six-Degree-of-Freedom Study.—Even though the 
aircraft can be studied separately in the longitudinal 
and lateral modes of operation, and prove inherently 
stable in each, certain “cross coupling” terms, which 
serve to dynamically link these two modes, also must 
be introduced. Thus the final study usually comprises 
a total of six dynamic equations, which define the 
aircraft motion with “six degrees of freedom’’—yaw, 
pitch, roll, horizontal translation, vertical translation, 
and velocity. Fig. 27 shows a typical six-degree-of- 
freedom simulator in operation at Waltham, Mass. 


Flight Simulator 


A computer that can solve three-dimensional air- 
craft problems on a 1:1 time scale is commonly 
termed a flight simulator. The 1:1 time-scale limitation 
is necessary because a flight simulator must usually 
operate in conjunction with actual control-system 
hardware, and autopilot, or even a pilot himself—all 
of which can operate only in a “real-time” situation. 
A typical flight simulation setup, employing a pilot 
cockpit and computer is shown diagrammatically in 
Fig. 28, while a photograph of an actual simulator 
is shown as Fig. 29. 

In such a simulator, the control systems and airframe 
are represented electrically, and the pilot “flies” the 
computer. Aircraft responses are indicated to the 
pilot by the instrument panel while all important varia- 
bles are also displayed for the engineer, using stand- 
ard indicating and recording equipment. 
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Fig. 28. Cockpit used by trained pilot to 
"fly" computer. 


Such a simulator may also be used to test the actual 
control systems designed for operation in a particular 
aircraft. The actual control system of the airplane, 
including cockpit display and controls, rudder, ele- 
vator and aileron actuators; hydraulic pumps and 
servos, etc., may be installed in a framework in the 
same relative positions in which they will be located 
in the aircraft. 

Computer input signals in the form of d-c voltages 
representing positions of the ailerons, elevators and 
rudders are obtained from potentiometers, strain gages 
or torque bars attached to the control linkages. A 
simplified block diagram, representing such a setup, 
is shown in Fig. 30. 

In addition to its use in aircraft design and sys- 
tems testing, the flight simulator is a safe, rapid and 
reliable military training device. Instruction in in- 
strument flying, aerial gunnery, and power-plant con- 
trol can be expedited through its use. 


Vehicle Suspension 


The design of road vehicles also can be expedited 
by using analog simulation. A suspension system such 
as shown in Fig. 31 can be simulated using approxi- 
mately 15 operational amplifiers and as many coeffi- 
cient potentiometers. After the electrical analog of 
the system has been programmed into the computer, 
electrical disturbances representing typical road irreg- 
ularities can be introduced. Under such conditions the 
simulator shows response of the dynamic system and 
the behavior of all elements can be studied. Various 
spring shapes and sizes, load masses, damping factors, 
etc. can be set into the system, 

The simulator, with sufficient components, can be 
extended to study two, four, or more wheels simul- 
taneously. 

Suspension-system simulation has been applied suc- 
cessfully to the design of track-laying vehicles as well 
as wheeled vehicles. Ride behavior of a tank has been 
determined and interpreted so as to indicate the effect 
on personnel over long periods of time. The effect of 
bull motion on gun stabilization and internal compo- 
nent stresses also can be investigated by simulation. 
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Fig. 29. Aircraft simulator block diagram. 
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Fig. 30. Typical flight control simu- 


lator using actual controls hardware. 


Aircraft Stress Analysis 

For purposes of stress analysis, aircraft structures 
can be represented by a system of algebraic finite 
difference equations. The solution of these equations 
is ordinarily complicated by three factors; (1) the 
large number of equations required in practical struc- 
tures, (2) the desire to observe quickly the effect of 
changes in the individual parameters, and (3) the 
existence of local non-linearities. The use of electrical 
analog computations reduces these complications and 
permits large quantities of data to be processed in 
comparatively short periods of time. 


Aircraft Dynamic Loads 
Electrical analogs have been used for some time in 
the solution of the dynamic load problems of strut de- 
sign, structural stress induced by landings, and flutter 
and vibration problems. 


Nuclear Reactor Studies 
The dynamics of the nuclear reactor can be reduced 
to their differential-equation form and programmed 
into the computer. Thus, operation of a complete re- 
actor, including its associated controls, may be simu- 
lated. Analog facilities will be found in nearly all 
major reactor research laboratories. 


Propellant Burning Rate Studies 

Circuitry has been developed to facilitate computa- 
tion of linear propellant grain burning rate on an 
analog computer. This burning rate is very significant 
in the interior ballistics design of propellant systems; 
i. e., shells, guns, rockets, etc. A knowledge of burn- 
ing rate is required by the ordnance design engineer 
when computing chamber and barrel pressure, pro- 
jectile velocity and other pertinent variables pertain- 
ing to a propellant burning system. 

The foregoing applications have described only a 
few of the problems being solved by today’s electronic 
general-purpose analog computer. The analog machine 
is being found in ever increasing numbers throughout 
the scientific world. Each day it is saving years of 
precious engineering time and tons of essential mate- 
rials. The analog computer finds important use in 
the following additional fields: 


Ai 


Additional Analog Applications 


reraft: 

Autopilot design 

Helicoptor blade design 

Missile and airplane control systems 

Stability studies 

Random gust analysis (using electronic gaussion 
noise generators) 


Catapult design 


Rocket motor studies 
Cockpit design 
Trajectory computations 


Turbojet and supercharger controllers 


Fire-control systems (air-to-air and anti-aircraft) 
Supersonic flow problems 


Jet engine simulation 


Control system design 


Mechanical and Automotive: 


Gun stabilization control systems 
Hydraulic transmissions 
Vibration absorbers 


Shipboard fire control 
Crankshaft tensional vibrations 


Radar positioning systems, 
Heat transfer 


Electrical: 


Study of linear and non-linear systems 


Transmission line analysis and protection 
Power distribution problems 

Electron optics 

Effects of noise in control systems 


Miscellaneous: 


Process control simulation 
Operations research 

Interior and terminal ballistics 
Flood control 

Distillation column simulation 
Blast furnace studies 

Linear programming problems 
Beam deflection studies 











Excerpts from important 
manufacturers’ literature 


TACAN Provides 120 Aircraft 
with R-O Data 


TACAN Data Link offers military and civilian avia- 
tion a major tool for solving the ever-growing prob- 
lem of congestion in the world’s airways. It integrates 
FTL-developed TACAN (tactical air navigation) with 
an automatic, two-way, ground-air automatic report- 
ing data link that eliminates the delay inherent in pres- 
ent “party-line” radiotelephone circuits. 

TACAN, developed for the U. S. Navy and Air Force, 
is a radio air navigation system of the polar coordi- 
nate type which can provide 120 aircraft with instant 
continuous information on distance, in nautical miles, 
and bearing from a ground transmitter. A TACAN 
transmitter has 126 two-way operating channels avail- 
able for assignment to various localities. 
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COCKPIT INDICATIONS 


TACAN Automatic Reporting Data Link, a projec- 
tion of the TACAN technique, operates on the same 
frequency and services the same number of planes. 

Ground personnel using TACAN Data Link equip- 
ment can transmit instantaneous orders to aircraft for 
changes in distance, bearing, heading, altitude and 
speed. The new facility also provides a push-button 
arrangement which permits the ground station and 
aircraft to exchange printed messages. Push buttons 
are used by the pilot to acknowledge receipt of ground 
station commands and to initiate air-to-ground mes- 
sages. (From new 4-page Bulletin, Federal Telecom- 
munication Labs., 500 Washington Ave., Nutley 10, 
N. J. 
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recti/rite Eliminates 
Curvilinear Chart Error 


The exclusive “recti/rite” system is an error-free 
linkage arrangement that satisfies basic trigonometry 
in changing curvilinear motion to true rectilinear mo- 


tion. The system is based on the principle illustrated. 





“Ml” represents the writing pen; “I”, the pen 
point; “PG”, the swinging galvanometer metering 
arm; and “G”, the fixed pivot of the meter move- 
ment. Then, if “PM”, “PT”, and “PG” are equal, “M”, 
“T”, and “G” would always be points on the circum- 
ference of a circle whose center is at pivot point “P”. 
If, in addition, “M” is limited to fore-and-aft motion 
along line “MG”, then “T” will always have linear 
motion perpendicular to line “MG”. In the “recti/rite” 
system, PG/PM = PM/PT. (From new 6-page Bulle- 
tin R-501, Texas Instruments Inc., Indust. Inst. Div., 
3609 Buffalo Speedway, Houston, Texas.) 
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Gyros 


Rate gyros, available in four basic sizes, provide a 
choice of drive motors and pickoffs to avoid any com- 
promise in your system design. All Humphrey rate 
gyros include . unitized welded flexures, 3-axis 
high “G” balance, extra rugged wheel bearings, as 
well as floating piston constant action dry air damp- 
ers, and pressure-sealed cases. 





= 


469 
4 





wk 005 

















2500-4 ~——25002.005 








4 MTG HOLES 
6-32 NC-2 THO 
‘9 DEEP 


Free gyros are available in two basic models. . . 
one is a manual push-button cage, electrical uncage; 
the other, fully remote electrical cage and uncage 
with indicating or inter-lock switches included. Preci- 
sion potentiometer pickoffs provide accurate output 
over 358° on outer gimbal, and up to +80° in inner 
gimbal. Precision balanced motors are made for 400 
cycle 115 volt A.C. or 28 volt D.C. power input. (From 
new 24-page Bulletin C2457 “Guidance and Control 
Instruments” including free and rate gyros, acceler- 
ometers, potentiometers, etc., Humphrey Inc., 2805 


Canon St., San Diego 6, Calif.) 
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3C-PAC’s Series M are Transistorized 


The new “Series M” 3C-PAC transistorized asyn- 
chronous digital plug-in printed circuit packages (in- 
clude) D.C. cross-coupled (Eccles-Jordan) flip-flop, 
multi-leg germanium diode gates and buffers, emitter 
follower, pulse amplifier, one shot multivibrator, varia- 
ble frequency blocking oscillator, inverter amplifier, 
square wave oscillator, etc. 

This is a fully compatible line of digital building 
blocks. Compatibility implies ability to use these build- 
ing blocks in a system merely by effecting the appro- 
priate wiring directly between package connectors. 


FF-102 Flip-flop 


Circuit components include transistors, crystal diodes, 
pulse transformers, and linear passive elements—no 
vacuum tubes. 

The 3C-PAC model FF-102 Flip-flop employs an 
Eccles-Jordan D.C. cross-coupled circuit. The transis- 
tors are operated at cut-off or saturation, resulting in 
output swings of approximately 15 volts. (From new 
20-page Catalog M, Transistorized Modules, Compu- 
ter Control Co., Inc., 92 Broad St., Wellesley 57, 
Mass.) 


For more information circle 304 on inquiry card. 
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in every choice situation 
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» As in many things, a little care goes a long way. 

t For instance, selecting the right relay. Take the HG-2SM-R, 
for instance. Here’s a new concept in sub-miniature 

r relays by Hi-G. Only 1” and %” long... 


diameter .635... operating frequencies from DC to 
0) 10,000 cycles per second... meets MIL-R-25018 ... 
with maximum operating temperature up to 


n 140° C. Write today for complete details. 
rl 

re . 

5 another outstanding 


Hi-G relay 





HG-E2 


Sub-miniature. .. hermetically sealed . . . 
Space saving, this HG-E2 relay measures 1” square 
by 3442”... meets MIL-R-5757C. Designed 
for operating temperatures up to 125°C. with 
long-life characteristics at rated contact loads of 
2 amps at 28 Vdc or 115 Vac. Coil resistance ranges 
of 50 to 10,000 ohms. Hook terminals or straight 
Pins for plug-in and printed circuit applications 
are standard. Available in Form A, B, or C contact 
arrangement with maximum of two poles... 
for AC operation with internally mounted 
Silicone rectifiers. 


Today .. . find out more 
about the complete line of Hi-G 
sub-miniature relays. 


maf Ge one. 
RADLEY FIELD * WINDSOR LOCKS, CONN. 
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Taking IF out of LIFT 


Lift ratio instrumentation is the science of measur- 
ing an aircraft’s wing lift. The function of this speed 
control system is to give the pilot a continuous indi- 
cation of the lift ratio of his aircraft to tell him the 
ratio of lift being used to the maximum lift available. 

The instrumentation of lift ratio through speed con- 
trol is basically a matter of determining the location 
and presence of the stagnation point at the wing’s lead- 
ing edge. This point at which the air separates to pass 
above and below the wing provides the index of wing 
lift. Channeling this intelligence to the cockpit is the 
function of the lift transducer. A small vane protrud- 
ing from the leading edge of the underside of the wing 
senses through local airflow the relative location of 
the stagnation point. The lift transducer, by means of 
a variable reluctance transformer, transduces the posi- 


Small vane 
senses stagnant 


condition 








tion of the vane to an electric signal of exactly cali- 
brated phase and ampiitude which is measured by a 
bridge-type computer and transmitted to the speed 
control indicator (shown in D-18S Beechcraft). Here 
pointer position shows 3 normal approach. If aircraft 
is flown too slowly, needle moves to SLOW; if too 
fast, needle moves to FAST. 





i) We 
A—Indicator; B—Column shaker 


The system in operation is composed basically of 
four components: A lift transducer, a flap potentiome- 
ter, a lift.computer and a speed control indicator. An 
optional control column shaker can be installed to 
shake the control column, simulating control buffet- 
ing, at or near stall speeds, thus serving as a stall 
warning for aircraft which do not normally exhibit 
this characteristic. (From new 8-page Bulletin SF-10, 
Safe Flight Instrument Corp., 4 Water Street, White 
Plains, N. Y.) 
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VAN'T 
A FIX 


“Where am I?” 

The success of the mission, the 
safety of both pilot and plane 
depend upon the correct answer 
to this question. 


Supplying that answer 
instantaneously is the vital 
function of automatic ground-based 
radio direction finding and 
airborne navigation systems. 


The newest multi-engined radar. picket 
planes are guided with a course 
continuously plotted by automatic, airborne 
navigation systems designed and 
manufactured by Servo Corporation 

of America. Radio direction finding systems 
produced by Servo Corporation 

of America range from compact, mobile 
systems to permanent, remote-controlled 
direction finding stations. 


Information on Servo Corporation 

of America’s automatic radio direction 
finding systems, and automatic navigation 
systems is available to you. Simply request, 
on your company letterhead, RB-9906-' 





—] ase! 


fore) 1220), 7- E812), | 
OF AMERICA 
















Servo Gorporation of America, 20-20 Jericho Turnpike, New Hyde Park, L.I., N.Y. 
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NEW AT IRE 


NEW YORK, N. Y.—At the IRE Convention in 
New York, Mr. Roberts C. Sellers, (Left), Sales Man- 
ager for Avionics Division, Bell Aircraft Co., gives 
CDR C. O. Morrison, Editor of MILITARY AUTO- 


MATION advance information on Bell Avionic’s new 





2.7 lb. “fist-size” precision gyro. The instrument fea- 
tures extremely short warm up time, insensitivity 
against wide temperature variations in storage, com- 
bined with a drift performance that is considerably 
better than any previously known precision gyroscope. 
The new gyro, heart of a new inertial navigational 
system for missiles and aircraft, was developed by 
Dr. Helmut Schlitt, now Manager of the Inertial Guid- 
ance Development Lab., Avionics Division, who was 
formerly with Redstone Arsenal and participated in 
development of the Peenemunde V-2 missile. 


For more information circle 401 on inquiry card. 


The following outstanding new products, not de- 
scribed in greater detail in this issue, were noted at 
the IRE show: Giant single crystals of silicon and 
germanium, for lens systems in Infra-red detectors— 
Texas Instruments Inc. (Circle No. 402) 

Magnetic memory planes for stacked construction— 
General Ceramics Corp. (Circle No. 403) 

Large Waveguides and components—I T E Circuit 
Breaker Co. (Circle No. 404) 

Klystrons in all sizes and traveling wave tubes— 
Varian Associates. (Circle No. 405) 

Build-it-yourself digital computer modules—Computer 
Control Inc. (Circle No. 406) 

Microwave TR, ATR, Pre-TR tubes and Microwave 
components—Bomac Laboratories, Inc. (Circle No. 
407) 

Rugged & ready, sensitive, portable 3” CRT oscillo- 
scope—Dumont Laboratories (Circle No. 408) 


5-CHANNEL MULTIPLEXERS 


New “Type RFM” RF multiplexers 
in frequency range of 50 to 4000 
Me are offered as fully engineered 





units, with no further development 
work required except to meet unusual 
requirements. Each operates over an 
octave of frequency with outputs di- 
vided into five channels of equal 
bandwidths. Overlap of each channel 
eliminates dead spots in frequency 
spectrum covered. Cross-channel in- 
terference is minimized, and_ skirt 
selectivity greatly sharpened by use 
of four resonant circuits in each chan- 
nel. Insertion loss of each resonant 
element is carefully limited to avoid 
deterioration of over-all system per- 
formance.—A pplied Research Inc., 
163-07 Depot Road, Flushing, N. Y. 


For more information circle 409 on inquiry card. 


AIRCRAFT SIGNAL SYSTEM 


New “Dualex Digital Selective Call- 
ing Receiver” relieves pilots of the 
task of continuously monitoring a 





radio channel: it performs the same 
function as a telephone bell and 
“Digital Selective Calling Transmit- 
ter” functions as the dial in the tele- 
phone system. By setting the call 
number of a particular aircraft on 
5-dial transmitter, sender can alert 
only the one aircraft by flashing a 
light in its cockpit. Pilot then turns 
on his radio receiver to hear message. 
With 5-dial transmitter, any one of 
100,000 (105) different planes can be 
called.— Bell & Gossett Co., Dualex 
Div., Morton Grove, Ill. 


For more information circle 410 on inquiry card. 


BEAM POWER TETRODE 


New “Type 6146,” for use either as 
an RF power amplifier and oscillator 
or as an AF power amplifier and 
modulator, in both mobile and fixed 
equipment, features high power sen- 





New “Model Z-5040” C-W S-band 
voltage-tunable magnetron has aver- 
age output power of 0.5 watt when 
connected in a tapered waveguide sec- 


tion for broadband operation between 
2.5 and 4.0 kMc, or up to 5 watts in 
a tuned parallel circuit for 100-Mc 
bandwidth operation. Available now 
for experimental purposes, suggested 
ultimate uses include: altimeter serv- 
ice as a swept oscillator, output 


source for signal generator relay 
system component, relay system com- 
ponent in microwave communication, 
reflectometer types of signal gener- 
ators, local oscillator in monitor and 
search radars, and, in combination 
with traveling-wave-tube amplifier, as 
a rapidly-tunable high-power gener- 
ator. Less than %” long, new tube 
requires a relatively light magnet 
(2.5 to 3 lb) and a microwave circuit 





VOLTAGE-TUNABLE MAGNETRON 





designed to suit the particular <p. 
plication. Typical output curves show 
average r-f power versus anode vol’s/ 
frequency. To avoid excessive temper- 
atures, maker recommends use of a 
thermoscopic paint.* Operating char-| 
acteristics of wide-band operation in | 


SWEPT OUTPUT TRACES 
averace MODEL 2-5040 MAGNETRON 
RF POWER 
waTTs 

is— 
16 — 


CONTROL VOLTAGE 





B+ 2400, 
Te?2 75a | 


9860 1200 1420 


vy 
ANODE VOLTS as 
3850 MC 


2570 MC 
a tapered wave-guide section: Center 
anode voltage, 1300; magnetic field, 
2500 gauss; de filament current, 2.8 
amp; dc filament voltage, 3; anode 
current, 15 ma; control electrode po- 
tential, +500 v; modulation voltage, 
from 1050 at 2500 Mc to 1550 at 4000 
Me; variation in 0.5-w average power 
output over this frequency range is 
less than 1 db.—Tube Department, 
General Electric Co., Syracuse, N. Y. 


*Available from Tempil Corp., 132 22nd St., 
New York 11, N. Y. 
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sitivity and high efficiency. Plate dis- 
sipation 20w under CCS conditions 
and 25w under ICAS conditions. 
Maximum ratings apply up to 60 Mc, 
reduced ratings up to 175 Me. A 
single “6146” has a maximum output 
of 52w as a Class C amplifier; two in 
a class AB, push-pull amplifier will 
deliver 82w of audio power; 90w of 
audio are available with Class AB» 
operation.—Tube Division, Amperex 
Electronic Corp., 230 Duffy Ave., 
Hicksville, L. I., N. Y. 


For more information circle 412 on inquiry card. 


DUMMY LOADS 


New “4063 VHP Series” of dummy 
loads has been granted JAN nomen- 
clature and selected as the sole rec- 





M16) 


ommended component of this type.— 
Bogart Mfg. Corp., Dept. EL, 315 
Siegel St., Brooklyn 6, N. Y. 
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UNIVERSAL AUTOMATIC 
CIRCUIT ANALYZER 


New “Model 144NX” is an adapt 
ation of “Model 200,” repackaged in 
a light-weight water-tight fibre glass 


case to withstand rugged military 
use; is completely waterproof, shock- 
proof and vibration-resistant. It auto 
matically tests up to 144 circuits “in 
seconds.” Simplicity of operation 
practically eliminates human errot. 
“Model 144NX” can never become ob 
solete: never needs modification from 
one application to another.—Dit-Meo, 
Inc., 911 Broadway, Kansas City 5, 
Mo. 


For more information circle 414 on inquiry cafe 
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AIRCRAFT SILICON DIODE 
TRANSFORMER-RECTIFIER 
New “Model CW-1001” tubeless 

ransformer-rectifier facilitates use 

f de equipment in aircraft with ac 





supply; delivers 50 amp at 27.5 vde 
with an input of 115/200 3-phase wye 
400 eps. Silicon power diodes are used 
in unit, with 25% of weight and 15% 
of volume of selenium type units.— 
Electrosolids Corn., 7436 Varna St., 
North Hollywood, Calif. 
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ATTENUATOR PLATES 


New U S Gov-approved Metallized 
Glass Attenuator Plates with Metal- 
lized Eyelets meet MIL-A-11052A; 











: M183 
are available in six specific sizes for 
use with waveguides RG-48 /U, 
RG-49/U, RG-50/U, RG-51/U, RG- 
91/U. Metallized resistance elements, 
made by vacuum-evaporating pure 
metals to a glass base, are highly 
stable, unaffected by humidity, con- 
trollable as to resistance, and are re- 
producible. Their noise level is barely 
measurable and their temperature co- 
efficient of resistance is about 75 
ppm/C°.—Metavac, Inc., 45-68 162nd 
St., Flushing 58, N. Y. 
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GYRO FOR STABILIZATION, &c 


Newly improved “Model U-105- 
H1G5” single degree of freedom gyro 
weighs 3 lb; is a hermetically-sealed 
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integrated unit featuring low drift 
rate, low harmonics, low quadrature 
and low noise level. Dynamically bal- 
anced gyroscopic element minimizes 
spin axis distortion and improved 
gimbal design minimizes nutation. 
High-strength solder joints are stable 
at elevated temperatures.—Uniconn, 
Inc., Waterbury, Conn. 
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OSCILLOSCOPE DOLLY 


New improved “Scope Dolly” has 
three power outlets and one power 
input; damage-proof storage for spare 









preamplifiers; roomy storage pan for 
tools, manuals, etc. Steel, baked-en- 
amel finish (knocked-down shipping, 
45 lb). Accommodates any popular- 
type lab ’scope by simple bracket re- 
locations.——PRB Mfg. Co., H and 
Luzerne Sts., Philadelphia 24, Pa. 
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PARABOLIC REFLECTOR 


New 32-ft parabolic reflector is 
said to feature great strength, ease 
of erection and rigidity in mounting; 


represents a “new design philos- 
ophy”: is built around a 12-sided 
polygon torsion frame, 3-ft thick by 
22 ft dia. Dead loads as well as added 
wind load of antenna are directly 
transmitted to this polygon frame. 
Each of the twelve outer sections 
is easily transportable for assembly at 
point of installation. Assembly is 
simple and fast. “D-322” is designed 
to be driven in a frequency range of 
100 to 2400 Me. Focal length is 13% 
ft and the reflector gain with a fo- 
cused antenna at 2400 Mc is about 44 
db per antenna and 88 db per sys- 
tem.—Technical Appliance Corp., 
Sherburne, N. Y. 
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RAPID ACCESS DEVICES 


New “Model 201 Digital Timing 
Generator” and new “Model 202 Mag- 
netic Tape Search Unit” provide auto- 





I ™i176 | 


matic high-speed access to selected 
data in Ampex recorders and similar 
multichannel magnetic tape instru- 
mentation systems. “Model 201” gen- 
erates numerically-coded timing sig- 
nals which are recorded on the mag 
tape throughout the data-recording 
periods; also visually displays exact 
time in hr, min and se¢ as illumin- 
ated digits. “Model 202” operates dur- 
ing data reduction periods. On basis 
of time indices recorded on the tape 
by “Model 201,” it automatically lo- 
cates and selects for controlled play- 
back the tape data included between a 
“sequence start time” and a “sequence 
end time” specified by panel dial 
settings. Time index is visually dis- 
played as illuminated digits on a 
small separate panel (which can be 
remotely located). Features include 
tape speeds of 60, 30, 15, 7-%, 3-% 
or 1% ips for recording, plus high- 
speed search rate for playback; and 
forward or reverse directions.—Dept. 





DR, Hycon Eastern, Inc., 75 Cam- | 


bridge Parkway, Cambridge 42, Mass. 
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SUBMINIATURE TIMER 


New “Model AGC Sequence Timer,” 
developed for balloon instrumenta- 
tion, has features that should inter- 





est designers in many fields: light 
weight (3% to 4% oz), small size, 
(2%” high), accuracy, accommoda- 
tion of 2 to 32 circuits (standard) 
and special time sequences. Timing 
circuits are of commutator type and 
are isolated from the motor assem- 
bly.—Brailsford & Co., Inc., 670 Mil- 
ton Road, Rye, N. Y. 


For more information circle 421 on inquiry card. 
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Satellite Guidance 


NLIKE systems that require radio or radar 

tracking so that commands can be issued to a 

vehicle’s flight control system, the Van- 
guard guidance reference system is entirely rocket- 
borne. Its job will be to keep the finless rocket 
from swerving off course and to “tip” the rocket's 
trajectory gradually so that it enters a globe-cir- 
cling course some 300 miles above earth. 

Heart of the controls system are three highly- 
accurate electronic gyroscopes, HIG (hermetic inte- 
grating), that will be calibrated to a “memorized” 
heading reference in the three axis or directions 
of flight—roll, pitch and yaw. They require bear- 
ings alike to within 10 millionths of: an inch. (If 
you took a hair and split it into 400 parts, one part 
would be 10 millionths of an inch wide.) 

An HIG can measure the rate at which a glacier 
melts, or motion 3,000 times slower than the hour 
hand on a watch. Its response is so fast that the 
minute movements of a second hand are snail-like 
by comparison. 
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Vanguard Guide Reference Table 


If the rocket rotates incorrectly—because of 
sloshing fuel, engine irregularity, etc., even an in- 
finitesimal part of a degree—the gyro motors will 
respond by rotating the gimbal on its jeweled bear- 
ings. This movement is sensed by the gyro signal 
pickoff and sent out as an electrical signal from 
the gyro through the autopilot amplifier to the 
error-correcting servo system. The HIG-6 gyro used 
in the Vanguard rocket application is specially made 
for the system, because—unlike true inertial-type 
guidance systems—the Vanguard system is 
“strapped down” to the rocket. Thus the gyro was 
too sensitive for the application—like an automo- 
bile steering wheel with insufficient “play”—and 
the gyroscopic engineers had to cut the size of the 
gyro wheel. 

HIG gyros are in production at Minneapolis- 
Honeywell’s Aeronautical Division. About 19,000 of 
these ultra-precise HIGs have been produced for 
various applications. 


For more information on "HIG" circle 205 on inquiry card. 
y 


For more information on ‘'Robinson Mountings" 
circle 206 on inquiry card. 
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New Displays Make 
Time Stand Still 


The CR tube has become as standard a tool for elec- 
tronic measurement as the voltmeter. However, any- 
one who has ever used a conventional oscilloscope . . . 
has at one time or another voiced one desire. If it 
were only possible to retain the image on the tube 
face long enough to study it. 

In the new family of Hughes storage tubes—T ypo- 
tron, Memotron and Tonotron—this wish becomes a 
reality. To the traditional cathode-ray tube have been 
added two vital elements: First, a flood gun and, sec- 
ond, a storage target or dielectric mesh. These innova- 
tions make possible presentations of a display of in- 
finite or extended persistence through electrostatic 
storage built into the tube. 

TONOTRON .. . to present “A” scan, “B” scan, 
weather radar, and plan-position-indicator informa- 
tion . . . also for viewing “frozen action” in half-tone 
image form . . . closed-circuit TV, slow scan narrow- 
band TV, ship-to-shore map or chart process monitor- 
ing, ground-to-air map or traffic-pattern transmissions. 

TYPOTRON .. . for high-speed read-out (25,000 
characters/second) from digital computers . . . dis- 
play of computed radar-tracking information . . . mon- 
itoring analog-to-digital conversion equipment. Ideal 
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for visual reference; eliminates need for intermediate 
storage facilities to match slow, mechanical read-out 
devices to high-speed electronic computing units. Data 
can be presented in words, numbers or symbols—63 
characters are available. 
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MEMOTRON ... . for the display of single tran- 
sients, or superimposing transients for direct analysis 
and comparison . . . plotting a family of curves... 
viewing transients from shock or vibration tests and 
ballistics or missile tests . . . monitoring phase rela- 
tionships . . . electrocardiographic and vectorcardio- 
graphic diagnosis . . . presentation of tube or transis- 
tor characteristics. (From new 8-page Brochure 90-34, 
Hughes Products, Electron Tubes, International Air- 
port Station, Los Angeles 45, Calif.) 


For more information circle 306 on inquiry card. 





FLOOD GUN 


| 





New Products—Cont. 


3-WAY SELECTOR VALVES 


New line of 3- 
way solenoid-op- 
erated selector 
valves for 3000 
psi service han- 
dles 85% higher 
flows than con- 
ventional models. 
Two size ranges: 
4%” & %” tubing, 
and %” & %” 
tubing; permit 
flow in any di- 
rection and fea- 
ture a compact 
porting configu- 
ration. Of inter- 
est to aircraft engineers: flow can 
be reversed between any two open 
ports without disturbing flow or oper- 
ating characteristics of valves. This 
is accomplished by a fully balanced 
inverse poppet.—Aircraft Products 
Co., 300 Church Rd., Bridgeport, Pa. 


For more information circle 422 on inquiry card. 


MICROWAVE COMPONENTS 


New precision microwave compo- 
nents are made from oxygen-free 
high-conductivity copper, said to be 












* M155 
“the best that can be used to mini- 
mize losses in long transmission 
lines”; are available in straight sec- 
tions, bends and pressure adapters 
in WR-137 waveguide size. Used in 
combination with standard flexible 
waveguide components and windows, 
they readily lend themselves to in- 
stallation for microwave relay sys- 
tems operating in 6000-Mc region.— 
Airtron, Inc., Dept. B, 1103 W. Eliza- 
beth Ave., Linden, N. J. 


For more information circle 423 on inquiry card. 


RADAR TRANSMITTER 
New “Model PC 49” utilizes an 
Eimac “X-590” klystron tunable from 
225 to 400 Me and produces up to 60 





kw of peak power and 20 kw of aver- 
age power. Maximum duty cycle 33% 
with pulse lengths continuously vari- 
able from 50 to 20,000 usec at rep 
rates up to 1500 pps.—Levinthal 
Electronic Products, Inc., 726 Stan- 
ford Industrial Park, Pala Alto, Calif. 


For more information circle 424 on inquiry card. 


ALL-METAL MOUNTING 


New “Model W218 Met-L-Flex” 
shipboard mountings for delicate 
equipment aboard surface ships and 





submarines meets shock and vibration 
requirements of MIL-S-901, MIL-M- 
17185, and high-impact shock tests 
of MIL-T-17113; has a low natural 
frequency (5-12 cps) whence equip- 
ment isolation from high-impact 
shocks of local explosions, gunfire, 
and steady-state engine and propeller 
vibrations. Isolation of vibration is 
80% at 40 cps and improves at higher 
frequencies. Available in three load 
ranges: 20-30, 30-40 and 40-50 lb.— 
Robinson Aviation, Inc., Teterboro, 


N. J. 


For more information circle 425 on inquiry card. 


VIDEO DETECTOR CRYSTAL 


New “IN630” microwave video de- 
tector crystal for military appli- 
cations operates at temperatures up 





to 150°C over a wide frequency 
range (1000-12,400 Mc); is a small 
tripolar crystal which performs with 
high sensitivity and reliability at 
temperatures said to be “50% great- 
er” than can be withstood by conven- 
tional coaxial crystals performing 
similar functions.—Sylvania Electric 
Products Inc., 1740 Broadway, New 
York 19, N. Y. 


For more information circle 426 on inquiry card. 


FERRITE CORE CHOKES 


New complete set of “Blue Chip” 
high-Q ferrite coils comprises 14 in- 
ductances from 150 microhenries to 1 





millihenry in MIL-spec inductance 
values. Units are for use in networks 
and filters at frequencies from 50 to 
1500 ke; can be used also as resonant 
elements in IF and RF circuits; are 
impregnated with fungus-proof varn- 
ish per MIL-VI73A; are temperature 
stable with a maximum drift of less 
than 600 ppm/C°.—National Com- 
pany, 61 Sherman St., Malden 48, 
Mass. 


For more information circle 427 on inquiry card. 





PHOTOGRAPHIC RECORDER 


New 16mm “DVR-42” precision 
pulse-operated photographic recorder 
for time lapse photography, is de. 





signed for rugged service in aircraft, § 


missiles, etc. Power source 28 vde; 
film capacity 200 ft (100-ft model 
also available). Can be pulsed elec. 
trically or manually at speeds to 10 
frames per second. Cine operation 
at 16 frames per second.—Vought Co., 
Box 1350, Beverly Hills, Calif. 


For more information circle 428 on inquiry card. 


PLUG-IN VDRs 


New “Model APP-%” precision 
voltage-dividing resistor is provided 
with a 3-prong base that fits stand- 





ard 3-circuit microphone sockets: 
simplifies installation in miniaturized 
printed-circuit or automated as- 
semblies where precise positioning 
and rapid installation are essential. 
Available in resistance range of 10 
to 100,000 ohms.—Waters Mfg, Inc., 
P. O. Box 368, South Sudbury, Mass. 


For more information circle 429 on inquiry card. 


MILITARY CRYOSTAT 


New “Model 196” cryostat system, 
engineered specifically for military 
applications, is an extremely light- 





jM2ie 


weight instrument designed to meet 
JAN specs, packaged for airborne in- 
stallations and operating from a 28- 
vde power source. System consists of 
three parts: pump assembly, regula- 
tor assembly, and cooling head. Cool- 
ing heads with heat pumping capaci- 
ties of 1.5 to 5 watts are available to 
fit wide range of sizes and shapes of 
re-entrant Dewar detector units.— 
Perkin-Elmer Corp., Norwalk, Conn. 


For more information circle 430 on inquiry card. 


MILITARY AUTOMATION 
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Toroids 


The merits of the toroidal type winding coupled 
with the numerous advantages of the molybdenum 
permalloy dust core represent the optimum in coil 
characteristics for audio applications. These toroids 
provide higher Q, greater stability of inductance vs. 


“Q” VERSUS FREQUENCY 
TC-13 and TC-14 SUB-MINIATURE TOROIDS 
20KC SOKC 


100KC 500KC 1000KC 2MC 






TC-14 
(% MHY) 


TC-13 
(1% MHY) 


Mechanical data same as foregoing types. 


temperature and level in a smaller space than any 
other available structure . . . Coils are supplied to 
. . - Most useful fre- 


quency range of the subminiature Type TC-13 is | 
between 40 and 400 ke. Available up to 100 mhys | 
with optimum characteristics below 10 mhys.— | 


(From new 16-page Cat. No. 103, Burnell & Co., | 


Inc., 45 Warburton Ave., Yonkers 2, N. Y.) 


For this literature circle 307 on inquiry card. 


Aerial Survey 


Unlike the days of World War I, when pilots | 


first became aerial photographers by photographing 
the enemy’s strong points, today’s aerial surveys 
are precision studies. 








By snapping photographs from two different 
angles and projecting them onto a single screen it 
is possible for lab technicians to produce a three- 


dimensional effect. With the aid of costly ma: | 


chinery, lines of equal elevation can be traced, pro- 
viding contour maps accurate to 1’, (From 30- 
page issue of “New Frontiers” (Vol. IV, No. 2), 
Charles H. Hansen, Publications Mgr., The Garrett 
os 9851 Sepulveda Blvd., Los Angeles 45, 
aij.) 


For this literature circle 308 on inquiry card. 
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MINIATURE ELECTRIC SUBSTATION FOR MISSILE 





New airborne metal-clad electrical 
switching equipment (developed for 
use in USAF SM-62 Northrop Snark 
intercontinental guided missile) 
transfers 88 electric circuits and 7 
signal circuits from ground test power 
to airborne power in 2% seconds. Op- 
erated by remote control, unit pro- 
vides instantaneous synchronization, 
make before break, assuring a con- 
stant power supply. Replacing a unit 
weighing several hundred pounds, it 
weighs 28 lbs. It eliminates relays, 


M216 


coils, cores, magnetic armatures and 
vacuum tubes, and also eliminates 
check-off circuits and equipment from 
being airborne in missile. Drawing 
only 6.2 amp at 28 v for 2.5 sec maxi- 
mum, total energy used is only 434 
watt-seconds, replacing the continu- 
ous load of a large group of relays. 
It provides 22 contactors per phase 
(a total of sixty-six 400-cycle con- 
tacts sp-dt), also 7 signal circuits sp- 
dt.—Cole Electric Co., 8439 Steller 
Drive, Culver City, Calif. 


For more information circle 431 on inquiry card. 








DIRECTION FINDER 


New lightweight automatic di- 
rection finder system for use in air- 
craft weighs less than 30 lb includ- 


A 
D 
' 





ing cables (currently-used equipment 
weighs 80 lb). New loop antenna, 
electrically interchangeable with AS- 
313B, has been streamlined to the ex- 
tent that it protrudes only 2%” from 
fuselage and readily permits flush 
mounting. System operates from any 
radio signal between 190 and 1750 
ke and automatically displays com- 
pass bearing of received signal with 
respect to aircraft heading. System’s 
radio set serves also as a communi- 
cations receiver. System has satis- 
factorily passed rigid operational and 
environmental test programs.—Mag- 
navox Co., Fort Wayne 4, Ind. 


For more information circle 432 on inquiry card. 


SENSITIVE RELAYS 


New “Series R” sensitive relays 
meet MIL-R-5757B; operate on as low 
as 0.5-w coil power with transit times 





M195 


as low as 3.5 milliseconds. Contact 
capacity 1.5 amp inductive at 200 v 
ac or de. Adjustable contacts normal- 
ly set for pull-in current of 7.2 ma 
maximum and drop-in current of 4.8 
ma minimum; can be adjusted for 
other values. Unit pictured is sp-st 
open type; is also available in dp-dt 
or in tandem (two relays on one 
base). Also available hermetically 
sealed. Coil value 5000 ohms for nom- 
inal 30 vde operation. Life exceeds 
220 million operations.—Redar Relay, 
Inc., 2120 Pontius Ave., Los Angeles 
25, Calif. 


For more information circle 433 on inquiry card. 





load cells 


based on the 
Statham 
unbonded strain 
gage transducer 


For dynamic recording of 
forces during stress:strain 
determinations, breaking 
strength tests, ordinary load 
measurements and for 
indication or automated 
control 


TENSION-COMPRESSION 
+10 to +1,000 Ib 


COMPRESSION 
0-10 to 0-1,000 Ib 


TENSION 


0-10 to 0-1,000 Ibs 


Please request 
Series L bulletins. 


LABORATORIES 
12401 W. Olympic Bivd., Los Angeles 64, Calif. 


For more intormation circle 23 on inquiry card. 








Giant in industry importance .... 
Modest in actual size .... 
Miniature when compared with the job it does. 


One of the most flexible switches available to de- 
signers, the General Control MCM Lever Switch can 
be furnished with any combinations of lock and 
non-lock lever action and with a wide variety of 
contact assemblies. A few of the valuable benefits 
provided: 


@ Ball-bearing lever mechanism for long life and 
easy operation. 

@ Positive detent action for long life of contacts. 

@ Single-hole mounting for ease of installation. 


@ Controls up to 40 circuits without additional 
components. 





@ Precision made for long life. 


© Prompt delivery. 





Write for Bulletin CL-100 or see our catalogs in Radio's Master 

















or Sweet's Product Design File. MCM 
GENERAL CONTROL COMPANY SWITCHING 
1228 Soldiers Field Road + + Boston 34, Massachusetts TIMING 

For more information circle 24 on inquiry card. 
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machines 
of this type) 


Challenging positions open for 
high caliber Electrical Engi- 
neers to work in interesting re- 
search and development pro- 
grams in instrumentation and 
circuitry. 

We offer an opportunity to do 


ypaney euectric MODEL 101 


6) non-routine research with some 


The Tape Handler that’s 
| FAST «© VERSATILE » COMPACT 
| ACCURATE and RELIABLE 


a 


¢ Magnetic amplifier reel servos 


* Start-stop time less than 5 milli- 
seconds 


12 tracks on 5% in. tape, 10 on ¥% in. 


of the leading engineers in the 
field. This is an opportunity 
to be creative and experience 
satisfaction of accomplishment 
and contribution. 

Excellent employee benefits, 
good salary, and working con- 
ditions. Please send resume to: 


Complete remote control E. P. Bloch 

Dual tape speeds—60/15 or 30/15 

in/sec. ARMOUR RESEARCH 
Positive timing belt drive FOUNDATION 
Precision bearings throughout of 


toterchangeeite tapee—10NG be, reste Illinois Institute of Technology 


10 West 35th Street 
Chicago, Illinois 


KEY ELECTRIC CORP. 


46 South Bayles Ave. * Port Washington, N. Y 
POrt Washington 7-4100 

















For more information circle 25 on inquiry card. 
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New 2%-lb “Model MR-5” has 
solved problem of collecting flight test 
data from missiles too small for 
telemetering equipment. Principal 
use: recording skin temperatures 
during critical periods of high-speed 
high-altitude flights. Ruggedness and 
shock resistance: a “Model MR-5” 








MINIATURE TAPE RECORDER FOR MISSILES 


has been recovered and re-used eight 
times in HTV tests at Holloman 
Air Development Center, whereas tele- 
metering equipment shatters upon 
initial ground impact.—North Ameri- 


Calif. 


For more information circle 434 on inquiry card. 


can Instruments, Inc., Altadena, 








RADOME TESTING SYSTEM 


New “Model 150 Radome Boresight- 
Error Measuring System” automati- 
cally records beam deflection as a 





continuous function of radome po- 
sition; requires far less time than 
(and does not miss discontinuities 
often overlooked by) manual point- 


by-point measurements. Operation: a 


transmitting parabola on end of Null- 
Seeking Boom directs a pencil beam 
at radome and receiving antenna lo- 
cated at the other end of a 1500” 
range. Received signal, by means of 
a servo system, positions Null-Seek- 
ing Boom to apparent axis of receiv- 
ing antenna as seen through deflect- 
ing radome. While motor driven 
Radome Holding Fixture (pictured) 
rotates, three recorders, synchronized 
with position of the radome, plot 
magnitude and horizontal and vertical 
components of beam deflection angle 
as represented by the position of Null- 
Seeking Boom.—California Technical 
Industries, 1464 Old County Rd., Bel- 
mont, Calif. 


For more information circle 435 on inquiry card. 


ZIPPERED PLASTIC TUBING 


New zipper-style plastic tubing, 
“Zippertubing,” minimizes time and 
costs in lacing and tying electrical 
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harness assemblies; effectively en- 
closes, identifies and protects multi- ] 
conductor wiring; also finds many s 
applications such as wiring ducts, 
wire marking (in short lengths), and 
as a replaceable cable jacket to pro- 
tect expensive custom cables from 
abrasive wear. Zipper pull-tab is de- 
tachable. Tubing can be “unzipped” 
and re-used, or permanently sealed 
with a sealer provided by maker. 
Available in nine colors, including 
black and clear plastic, material ' 
meets MIL-I-631B and MIL-I-7444A. 
ID’s from %” to 4%” in increments 
of %” Wall thicknesses 0.020” and 
0.040”. Available in continuous 
lengths from 20 to 1,000 ft—wW. A. 
Plummer Mfg. Co., 752 S. San Pedro 
St., Los Angeles, Calif. 


For more information circle 436 on inquiry card. 
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PREFABRICATED 
OPEN-WIRE H-F 
TRANSMISSION 

LINE 


New prefabricated 
high frequency open- 
wire transmission line is 
commercially available 
for the first time in a 
variety of sizes to meet 
exacting impedance and 
capacitance require- 
ments in temperatures 
from -60°F to 60°F. It 
is catalogued under mili- 
tary specifications.— 
Fretco Inc., 406 N. Craig 
St., Pittsburgh 13, Pa. 


For more information 
circle 440 on inquiry card. 
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A A SALES of YOUR product limited to ‘‘House current?" 
Must your market be restricted to an “electrical outlet?” 
Not necessarily! 


DYNAMOTORS Thousands of electrically operated devices CAN be used 


. miles awoy from a power line. By means of Carter Con- 



















verters or Dynamotors, a storage battery becomes a 
portable source power anywhere. This means YOU CAN 
EXTEND THE MARKET FOR YOUR PRODUCT. 


Carter Converters or Dynamotors can be offered as an 
accessory . . . or engineered as a component part. Our 
engineering department will give you complete assistance. 
No obligation. Address your inquiry to Ray Simon, Chief 


‘ st | Engineer, Carter Motor Co., 2704 W. George St., Chicago. 
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CONVERTERS 
- 


Carter Motor Co., 2704 W. George St., Chicago 18 
Attn.: Ray Simon, Chief Engineer 








() Attached is information on our products, please tell us 
how they can be adapted to wider markets by means 
of Carter Dynamotors. 


() Please send sales literature and price list. 
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tivity broadband performance in 
standard rectangular waveguide ap- 
plications, or for broadband ridged 
waveguide.—Microwave Associates, 
Inc., 22 Cummington St., Boston 15, 
Mass. 


For more information circle 438 on inquiry card. 


PLOTTING INSTRUMENT | 


New “Coordinatograph” plots 
points along X and Y coordinates 
within 0.001”; is suitable for aircraft 





SHOCK-MOUNTED CRYSTAL 


New “Model St 
70X” crystal unit 
for missiles, etce., 
frequency range 
200-500 ke, meets 
shock test of 100 G, 
withstands vibra- 
tions of 15 G, 10 to 
55 eps for 2 hr; 5 G, 
5 to 500 cps for 45 
min; 3 G, 500 to 1200 cps. Operable 
temperature range —55°C to 120°C. 
Frequency excursion as low as 
+0.001% over any given 30 C° tem- 
perature range.—Bulova Watch Co., 
Electronics Div., 40-06 62nd St., 
Woodside 77, N. Y. 


For more information circle 437 on inquiry card. 


BROADBAND SILICON CRYSTAL 


New “MA-412” extremely broad- 
band millimeter waveguide crystal, 
suitable for mixer or low-level video 


Firm 


Address 


For more information circle 26 on inquiry card. 
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Hook-up and Lead Wires 
Single & Multiple Conductor 











Write for = : 
TEFLON Miniature, Coaxial and 
lofting, gage charts, and laying out a RG Coaxial Cables 


small parts; also to establish coordi- 
nate positions precisely for chart and 
map makers, and to plot reticles or | 
targets for instrument makers. Work- 
ing area 47%” x 47%”; radii from 
12” to 40” can be plotted. Pricker 


Extruded and Scintered Tape Insulation Con- 
structions With a Full Range of Jacketings 
Including: Scintered Teflon Tape; Glass Braid 
and Vinyls. 








detector use in range of 26.5 to 75 
kMe, is a silicon diode said to be 
“the first truly broadband millimeter 
DEPT. TT 





waveguide crystal commercially avail- 
able for military and industrial appli- 
cations.” It is cased in silver-plated 
brass; case forms a section of ridged 
waveguide with crystal as an integral 
part; can be adapted for high-sensi- 
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point unit has a 7-power microscope, 
so that point can be observed and 
plotted in a single set-up.—Aero 
Service Corp., 210 E. Courtland St., 
Philadelphia 20, Pa. 


For more information circle 439 on inquiry card. 





An Affiliate of 
The International Silver Company, Inc. 


WALLINGFORD, CONNECTICUT 


For more information circle 27 on inquiry card. 
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New Products—Conit. 








SIGNAL: TORQUER DUALSYN 


TERMINAL FLEX LEAD 






MINIATURE “FLOATED” GYROSCOPE 


HEATER AND SENSING ELEMENT 


_- FLOATED GIMBAL 








Re if Hydraulic Control Systems, and Mechanical Components. _ 
gos Graduate Mechanical Engineers are needed with 2 to 10 years experience | Fag 
Fae in Servo Techniques, Pneumatic/Hydraulic Systems, Thermodynamics or vide ret 
mes similar fields. | sition 
OY Send today for your copy of our brochure which details our facilities and mount 
your opportunity with us. | et — ou 
Comfortable Southern California living and excellent working conditions | opserva 
make the Aeronautical Division an organization you'll want to join. ah 4s 
; j ° 
$ Contact: ¥ iat mip 4 low-up 
; LAWRENCE R. BIGBEE sec) and performance comparable to _ 







Dir. of Engineering Placement 
417 N. Manchester, Anaheim, Calif. 





PRODUCTS FOR PROGRESS 
BY THE MEN OF 








larger HIG’s under unfavorable en- 
vironments. Among new design con- 
cepts: (1) combining signal and 
torque generators into a single dual- 
microsyn (called “Dualsyn”) placing 
it at one end of case with gimbal at 
the other; (2) reduction of gimbal 





FOR 


a suspension pivot to 0.016”; (3) new New 
Vs HALL method of fluid fill that virtually utilizes 
— ste Ts’ COMPANY eliminates balance-shifting air bub- ar tran 














On the press... 
ONE HUNDRED ELECTRONIC CIRCUITS 


Volume | 
Milton H. Aronson and Charles F. Kezer 


COVERS 
Power Supply Circuits 
Amplifier Circuits 
Oscillator Circuits 
Pulse Circuits 


INSTRUMENTS PUBLISHING CO., 845 Ridge Ave., Pgh 12, Pa. 


pH READINGS 


ANYWHERE—INSTANTLY 


WITH THE ANALYTICAL POCKET pH METER 


ow ogame size: 3 x 5% x 2!/2 
Completely self. inches 
contained in wa- ll size: 3% x 62 x 4% 


ter-proof, ever- Weight with accessories: 3 Ibs. 


_ ready case. $125.00 


Test Instrument Circuits 
Phase Shifters 

Alarms 

Controllers 


$2.00 postpaid 





OCONEE, OTD, 
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New “MIG” (miniature integrating 
gyroscope) weighs less than 8 oz, yet 
will meet low-drift-rate requirements 
of short-time or “aided” automatic 
guidance systems. It has the angular 
momentum of a HIG-5 (105 gm-cm?/ 





bles; (4) new isoelastic spinmotor 
and mounting structure that greatly 
improves performance under vibra- 
tion; (5) improved end bellows that 
allows flotation fluid changes over a 
wide range of internal temperatures. 
—Minneapolis-Honeywell Regulator 
Co., Aeronautical Div., Philadelphia 
44, Pa. 
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COMPACT WIDE ANGLE LENS 


New “720” is said to be “the most 
compact 3.45 mm wide-angle lens that 
is available in the instrumentation 





field,” covers 165° both horizontally 


ARMING SOLENOIDS 


New “Type PA-1193” arming sole- 
noids are extremely compact high- 
efficiency aircraft units. Arming pin 
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projects when solenoid is energized 





= 


ed by t 
ar vari 
or stré 
nearly | 
only by 
pickup 

67 Con 
out can 
of pick 
strumer 
ferent 

pickup 

tension 
justmer 
Researc 
Monte, 


or more 


400-( 


Tt p—---gpepteppenataunmiggeriog 7 and vertically; is available either in (15.5-28 vdc) and will support a 
| | TA ANALYTICAL MEASUREMENTS, INC. | a gun camera (GSAP) or a “C” 100-lb ring-hung load. When solenoid Fe mp 
| bgg) 585 Main Street, Chatham, N.J. | mount; comes equipped with an iris is de-energized, pin retracts under a ull-war 
| Please send full information about. your pocket pH | ring adjustment from f/1.5 to f/8.0; 5-lb ring-hung load. “PA-1193” meets MIL a 
| meter to: is believed to be the only lens of this MIL-S-4040A and MIL-E-5272A.— ity anc 
se olla AT NRT Na | | type commercially available—Traid United Transformer Corp., Pacific stant v 
ee ry prog a ‘ ene Corp., 17136 Ventura Blvd., Encino, Div., 4008 W. Jefferson Blvd., Los relays ¢ 
Seam | chy State || Calif. Angoise 16, Calif. _ 
i L——_— PLETE PERE ES — ye aC J | For more information circle 442 on inquiry card. For more information circle 443 on inquiry card. with ar 
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SERVO-TYPE DATA REPEATERS 


New servo-type data repeaters pro- 
vide remote indication of angular po- 
sition and of ac and dec voltages; 
mount in standard aircraft panels 
with output dials arranged for visual 
observation or photographic record- 
ing. First of two basic types is “Syn- 
chro-Data Repeater” two-speed fol- 
low-up servo employing standard Bu- 
Ord Mk 54 Mod 2 synchro transmit- 
ters; available with four different 


speed ratios between synchros. Second 
basic type is “Potentiometer-Data 
Repeater” position servo utilizing a 
precision ten-turn “Helipot” as fol- 
low-up transducer and designed to 
employ same type “Helipot” for input 
transmitter; one model for ac and one 
for de voltage data.—Feedback Con- 
trols, Inc., 907 Main St., Waltham 54, 
Mass. 
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FORCE OR LOAD PICKUPS 


New line of force or load pickups 
utilizes variable-permeance rectiline- 
ar transducers which are less affect- 
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ed by temperature changes than line- 
ar variable differential transformers 
or strain gages. Repeatability is 
nearly 100% and resolution is limited 
only by external circuitry. When new 
pickup is used with maker’s “Model 
67 Control System,” full-scale read- 
out can be set for less than one-tenth 
of pickup’s full range. Thus one in- 
strument can be used for many dif- 
ferent force or load ranges. New 
pickup senses either compression or 
tension force without mechanical ad- 
justment.—Crescent Engineering & 
Research Co., 5440 N. Peck Rd., El 
Monte, Calif. 


For more information circle 445 on inquiry card. 


400-CPS DC POWER SUPPLY 


New “Model ECR950S selenium 
full-wave rectifier meets standard 
MIL specs for shock, fungus, humid- 
ity and temperature, provides con- 
stant voltage supply for filaments, 
relays and lab supply, has a de output 
rating of 6 to 9v and 0 to 50 amp 
with an ac input of 105-125v single- 


arch-April, 1957 


phase 360-440 cps. Regulation 0.2% 
at fixed load with line change of 105 
to 125v or at fixed line voltage with 
load change from 5 to 50 amp. Re- 
covery time about 0.2 sec; ripple 0.5% 
rms at 400 cps input. Panel type 
cabinet with open construction is con- 
structed of aluminum and is supplied 
with lifting handles.—Richardson-Al- 
len Corp., 116-15 15th Ave., College 
Point, N. Y. 
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PRECISION DELAY LINE 


New delay line especially developed 
for aviation use is based on the mag- 
netrostrictive properties of nickel. In 





M te 


it, a number of spaced impulses are 
generated from a single pulse and 
fed into a crystal matrix. By suitably 
biasing individual crystals, a pulse 
code can be obtained. Fifteen pickup 
coils are precisely positioned by mi- 
crometic screws. Resulting pulses 
have stability of position in time to 
0.05 usec. Weight is less than 1.5 
lbs. All-purpose “Model 103” mag- 
netrostrictive-type delay line provides 
infinite time-delay settings by means 
of individual pickup coils positioned 
and locked in place along slotted and 
calibrated microsecond delay scale.— 
Deltime, Inc., 608 Fayette Ave., Ma- 
maroneck, N. Y. 
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. the most concise, yet complete coverage | 


of the field of computing and data processing.’ NEW 
The First  Mic-0-Lite 
COMPUTER for 








“ 





HANDBOOK and The Second Shadowless 
COMPUTER illumination 
HANDBOOK in 





Include: 


Industrial Uses of Special-Purpose © Inspection © Investigation © Research 
Computers | Mic-O-Lite is a cold light ring source 
Industrial Uses of Analog Computers | designed especially to produce “shad- 


Computer Control of Rolling Mill owless” 


Schedule 


A Practical Approach to Analog 
Computers 


Process Control and the Analog Com- 
puter 


Digital Computers—General Purpose 
and DDA 


Magnetronic Data Handling 


Basic Applications of Analog Com- 
puters 


Data Processing with a Quasi-Ran- 
dom-Access Memory 


The UNIVAC and UNIVAC Scientific 


LGP-30 General Purpose Digital Com- 
puter 


Electronic Data-Processing Machines 
The G-I5 Digital Computer 
Office Automation 


$2.00 each, postpaid 


illumination on small objects, 
parts or specimens. It is an ideal 
source for visual inspection under 
magnification, but is primarily de- 
signed for low power microscopic in- 
spection and photography in the indus- 
trial, scientific and research fields. 
Mic-O-Lite features a “ring light” 
2%,” in diameter. A doughnut type 
aluminum reflector which snaps onto 
the lamp provides a 114” aperture in 
the center through which the micro- 
scope or camera lens is focused. 

A variety of interchangeable lamps 
including warm white, daylight white, 
blue, “Black Light” and germicidal are 
available. 


Write for descriptive sheet. 


Special cold cathode shapes and colors 
fabricated to specification for scientific 
and industrial applications. Spectral energy 
may be matched to photo cell sensitivities 
where required. Inquiries invited. 





ARISTO GRID LAMP PRODUCTS INC. 


65 Harbor Rd.. Port Washington No., L. I., N. Y 


INSTRUMENTS PUBLISHING COMPANY 
845 Ridge Ave., Pittsburgh 12, Pa. 
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Giving life 
to automation 


Start to finish engineering of instru- 
mentation systems for automatic control 
of. processes is offered through Panellit 
Service Corporation. This staff’ of me- 
chanical, electrical and chemical engi- 
neers — all with process experience — 
offers the broad scope of services out- 
lined below. 


Studies and evaluations of instrument 
requirements, equipment recommen- 
dations, and preparation of detailed 
specifications. 


Instrumentation installation, inspection 
and checkout supervised by PSC engi- 
neers working with factory-trained craft 
foremen and technicians. 


Field maintenance of installed instrumen- 
tation on a contract basis. 


Overall project coordination of these in- 
dividual services places entire respon- 
sibility for automatic control systems in 
one qualified organization. 


PSC activities have included major 
instrumentation projects in the process, 
power and atomic energy industries and 
for engine test facilities. Your inquiry 
is invited. 


PANELLIT SERVICE 
CORPORATION 


A SUBSIDIARY OF 
PANELLIT, INC. 


7517 N. Hamlin Ave. ¢ Skokie, Ill. 
Panellit of Canada Ltd., Toronto 14 


Engineered Information Systems for Industry 





Panalog 
Panalarm Information 


Graphic Panels, 
Annunciators 


Control Centers 


Systems 
For more information circle 31 on inquiry card. 
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AIRCRAFT CONTROL AMPLIFIER 


New 11l-oz control amplifier regu- 
lates power for the entire fire-con- 
trol system of a military airplane 
when used with appropriate voltage 
reference, resistive divider network 
and transistor. Adaptable to voltages 
from approximately +50v to +1000v, 
unit provides an overall circuit gain 


of 60 to 80 db, reduces ripple to less 
than 50 mv peak-to-peak, and oper- 
ates within a temperature range 
65° to 125°C, with life expectancy of 
10,000 hours, or more.—Technical 
Products Div., Packard Bell Electron- 
ics Corp., Los Angeles, Calif. 


For more information circle 448 on inquiry card. 








RATE GYRO FOR MISSILES 

New “Series RG 03-0100,” for miss- 
ile applications having severe shock 
and vibration requirements, has con- 
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ventional spin axis orientation to per- 
mit easy interchangeability with 
other gyros. Production units of this 
series have been qualified to missile 
specs more severe than MIL-E-527A. 
Maker’s exclusive wheel-and-gimbal 
system obviates use of pivots, bearings 
or loose springs; permits use of a 
standard miniature motor and avoids 
loading of gimbal with motor’s static 
mass. Standard pickoff 5000 ohms 
with power dissipation to lw; resol- 
ution 0.35%; linearity 1%; hysteresis 
0.5% ; angular momentum 250,000 cgs 
units. Available ranges*+10°/sec to 
+800°/sec. Motor 115 v 400 eps, 1 
or 3-phase.——Humphrey Inc., 2805 
Canon St., San Diego 6, Calif. 
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TINY SURFACE-TEMPERATURE 
RESISTANCE ELEMENTS 
New “Type 13871” of maker’s 


“Tape-On” surface temperature re- 
sistors are for temperature telemeter- 
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ing; can be applied to any surface 
in seconds by pressing thumb over a 
small piece of Mylar tape, and they 
can be used directly in a commutation 
circuit to modulate standard tele- 
metering transmitters. Resistance 
change over specified temperature 
range being 100 ohms, they can be 
added to an installation using other 
Trans-Sonics thermometric elements 
without further circuitry modifica- 
tion. Available in various ranges 
between limits of —300°F and 400°F. 
—Trans-Sonics, Inc., Box 328, Lex- 
ington 73, Mass. 


For more information circle 450 on inquiry card. 
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Automatic Exposure Control 


Automatically, instantaneously, continuously 
AUTEX, the Flight Research Automatic Exposure 
Control, adjusts the aperture setting of any motion 
picture camera to maintain perfect film exposure 
under varying conditions of light . . . and where 
film sequences must be recorded without the pos. 
sibility of a re-take. Simple to use, AUTEX takes 
the unexpected into account and eliminates “com. 
promised frames.” 


The basic objective . . . to provide an accurate 
and easily used camera accessory which can be 


adapted to any camera and to most lenses. . . by 


combining an advanced transistor circuit with theg 


latest in printed circuit techniques. The adaptabil. 
ity .. . achieved by using an adjustable tape drive. 

Here’s how AUTEX works. A change in photo. 
cell voltage caused by a change in light level trips 
a small, but rugged, relay. A unique transistor. 
relay circuit developed especially for AUTEX con. 
trols the drive motor. The motor rotates the head 





AUTEX-controlled lens iris 


so that the flexible tape drives the lens iris ring in 
the proper direction to correct for the change in 
light level. A balancing potentiometer in the head 
“feeds back” the lens setting to the circuit so that 
the relay opens and the motor stops when the lens 
is set properly for the new light conditions. 

The circuit is electrically matched to various 
lenses by setting the lens dial. Setting for different 
film speeds and different exposure times is easily 
set on the base scale on the control head. The AC 
CENT CONTROL permits instant compensation 
during filming of high contrast scenes where the 
object of interest is brighter or darker than the 
average scene brightness. 

The unusual sensitivity of AUTEX allows ful 
advantage to be taken of high speed films and 
lenses using “available light” techniques which are 
necessary in many situations in scientific, news, 
and documentary photography. (From new 6-page 
Bulletin, Flight Research Inc., P. O. Box 1-F, Rich 
mond 1,.Va.) 
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The new K3 series of Analog Computing Compo- 
ents is a modular family of operational blocks, 


both linear and nonlinear, which allow rapid set-up 


of the problem with minimum knowledge of elec- 


tronic circuitry. Each component is a self-contained 


perational unit, engineered for functional effi- 
iency in a computing system. The user of a K3 
installation goes directly from a block diagram of 


the problem-to-be-solved or system-to-be-simulated 


o the correct arrangement and interconnection of 
he computing components, to set up a dynamic 








MODEL EQUATION 
K3-A Adding = 
Component te,= e+e,+e,+ e,tE 














K3-C Coefficient te,=Ce, 
Component 
K3-D Differentiating de. 
Sonpeent te= aT 
7 de; 
K3-E A ti s 
Ditterentioter a te, e,+aT dt 
K3-J Integrating | 
Component te.°+ e,dt 
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K3-L Unit-Lag +aT—2=t+e. 
Component & aT dt ej 
K3-5 Connecting None 


Jack-Box 











€.—output voltage; e:, €1, €2, ex, e1 represent input voltages. 


analog model. Solutions may be displayed on an 
oscilloscope screen. Linear components (K3-A, C, 


‘§D, E, J, K, and L) provide both positive and nega- 


tive outputs which may be used simultaneously. 
Inputs and outputs may range from —50 to +50 
volts. Clearly-visible lamps denote outputs in excess 
of 50 volts. (From 16-page brochure “GAP/R Elec- 
tronic Analog Computers,” George A. Philbrick 
Researches, Inc., 230 Congress St., Boston 10, 
Mass.) 
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I-F FILTER UNITS 


New Collins 
Radio Co.’s / 
magnetostric- | 
tive filter unit 
will now be 
sold thru its 
subsidiary, 
The Commun- v v 
ications Accessories Co. This filter affords hi-Q se- 
lectivity with less bulk than conventional I-F trans- 
formers from 60 eps to 600 ke. Fixed-tuned, vari- 
able selectivity is obtained by switching two or 



































Lo 








more filters —Communication Accessories Co., Hick- 
man Mills, Mo. 
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HERMETIC SEAL TERMINALS 


New “Type LT” miniature units, 
for superior hermetic sealing of all 
types of electrical components, are 


WOOK | HOO | Wu TURRET TUBULAR, EYELET 








designed to meet all military and com- 
mercial application requirements. 
Molded fluorocarbon plastic body in- 
sulates solder seal ring from feed- 
through lead. Units are unaffected 
by high humidity; are chemically 
inert to organic solvents, acids, alka- 
lies, oils and fumes; withstand usual 
production handling and will not 
crack or craze.—International Resist- 
ance Co., 401 N. Broad St., Philadel- 
phia 8, Pa. 


For more information circle 452 on inquiry card. 


TACAN TEST SET 


New “Type FTR 3156” portable 


test set permits rapid ground testing 
of airborne TACAN (Tactical Air 






Navigation) receiver-transmitter 
equipment while this equipment re- 
mains undisturbed in the plane; can 
be used with either military airborne 
TACAN (AN/ARM-21) or with Fed- 
eral’s commercial version.—Federal 
Telephone & Radio Co., 100 Kings- 
land Rd., Clifton, N. J. 
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AIRCRAFT AUTOFORMERS 


New “Vari-Lite” aircraft variable 
autoformers are designed to replace 
resistive-type control units with high- 





liability. Input is 115 v 400 cps; out- 
put is 0 to 28 v. Illustrated unit is 
“PA-1028,” 4-amp capacity, weight 
19 oz. It meets MIL-T-9219 and MIL- 
E-5272A.—United Transformer Corp., 
Pacific Div., 4008 W. Jefferson Blvd., 
Los Angeles 16, Calif. 


For more information circle 454 on inquiry card, 


AIRCRAFT-COMPONENT RELAY 


New precision sensing relay for 
aircraft component applications uses 
snap-action switches; features ac- 





curate voltage sensing with con- 
trolled differential between operate 
and release voltages. Built only to 
customer specifications.—Diaphlex 
Div., Cook Electric Co., 2700 South- 
port Ave., Chicago 14, Ill. 


For more information circle 455 on inquiry card. 


3-MINUTE SYNCHROS 


New: 3-minute Size 23 Synchros 
meet all performance requirements 
and provide at least twice the accu- 





racy specified in FXS 1066, Rev. 4, 
Mil-S-16892 (BuOrd) and Mil-S- 
12472 (ORD). In many instances, 
they obviate need for two-speed syn- 
chro systems, thereby reducing cost 
and effecting appreciable econo- 
mies in weight, size, complexity and 
gearing problems. Matched pairs are 
available to provide even greater 
system accuracy.—Norden-Ketay 
Corp. Commerce Road, Stamford, 


Conn. 
For more information circle 456 on inquiry card. 


MICROWAVE AMPLIFIER TUBE 


New “Amplitron” high-power 
broadband microwave amplifier tube 
operates over a broad range of fre- 





quencies without mechanical or elec- 
trical adjustments; can therefore be 
used as output stage of a high-power 
broadband chain; is “the only micro- 
wave tube that permits combined 
high-power, broadband, and coherent 
operation—three capabilities essent- 
ial to advanced radar and counter- 
measures systems.”—Raytheon Mfg. 
Co., Microwave and Power Tube Op- 
erations, Waltham 54, Mass. 

For more information circle 457 on inquiry card. 


























Interelectronics Inter- 
verter solid-state thyra- 
tron-like elements and 
magnetic components 
convert DC to any num- 
ber of voltage regulated 
or controlled frequency 
AC or filtered DC outputs 
from 1 to 1800 watts. 
Light weight, compact, 
90% or better conversion 
efficiency. 

Ultra-reliable in opera- 
tion, no moving parts, 
unharmed by shorting 
output or reversing input 
polarity. Complies with 
MIL specs for shock, ac- 
celeration, vibration, tem- 
perature, RF noise. 

Now in use in major 
missiles, powering tele- 
metering transmitters, ra- 
dar beacons, electronic 
equipment. Single and 
polyphase AC output 
units now power airborne 
and marine missile gyros, 
synchros, servos, mag- 
netic amplifiers. 

Interelectronics — first 
and most experienced in 
the DC input solid-state 
power supply field, pro- 
duces its own solid-state 
gating elements, all mag- 
netic components, has the 
most complete facilities 
and know-how—has de- 
signed and delivered 
more working KVA than 
any other firm! 

For complete engineer- 
ing data write Interelec- 
tronics today, or call 
LUdlow 4-6200 in N. Y. 


INTERELECTRONICS 
CORPORATION 


| 2432 GR. CONCOURSE, N.Y. 58, N.Y. 


For more information circle 32 on inquiry card. 
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May 9-10 

Annual Meeting of the IRE Professional Group on 
Microwave Theory and Technique, Western Union 
Auditorium, New York City. 


May 13-15 
National Conference on Aeronautical Electronics, Day- 
ton, Ohio. 


May 20-22 

Convention and Exposition, Armed Forces Communi- 
cation & Electronics Association, Sheraton-Park Hotel, 
Washington, D. C. For information write William C. 
Copp & Associates, 1475 Broadway, New York 36, 
 & 


May 22-24 
llth Annual American Society for Quality Control 
Exposition. 


May 27-29 

Third National Telemetering Conference, Hotel Cortez, 
El Paso, Tex. For information write J. M. Sherman, 
Exhibits Comm, Chairman, Electro-Mechanical Res., 
4933 Mesa Rd., El Paso, Texas. 


June 10-11 

Second RETMA Symposium on Applied Reliability, 
Hotel Syracuse, Syracuse, N. Y. For information write 
J. A. Caffiaux, RETMA Eng. Office, Rm, 650, 11 W. 
42nd St., New York 36, N. Y. 


June 17-19 

National Convention and Exhibit on Military Elec- 
tronics (Missiles and Electronics) Sheraton Park Ho- 
tel, Washington, D.C. Sponsored by Professional 
Group on Military Electronics, Institute of Radio 
Engineers. For information write L. D. Whitelock, 


5614 Greentree Rd., Bethesda 14, Md. 
August 5-10 


National Naval Aviation Meeting, sponsored by In- 
stitute of Aeronautical Sciences and its San Diego 
Section, U. S. Grant Hotel, San Diego, Calif. 


August 20-23 
Western Electronic Show and Convention, Cow Palace, 
San Francisco, Calif. 


September 4-6 

Second Technical Conference and Exhibit on Mag- 
netic Amplifiers, Penn Sheraton, Pittsburgh, Pa. For 
information write David Feldman, Bell Telephone 


Labs., Whippany, N. J. 


November 5-6 

Joint Military Industry Guided Missile Reliability 
Symposium, Naval Air Missile Test Center, Pt. Mugu, 
Calif. (See page 70, this issue). 


118 





ELECTRONIC 
COMPONENTS 


ELECTRONIC COMPONENTS. New 
8-page Catalog gives prices and illus- 
trations and specs for end-of-run in- 
ventory clearance of electronic com- 
ponents.—Tripoli Electronics Co., 
1949 West Erie St., Chicago 22, IIl. 


Circle 501 on inquiry card. 


PULSE TRANSFORMERS. New 2- 
page Bulletin 166T provides informa- 
tion on T Series pulse transformers 
wound on ferrite cores and cast in 
resin,—Technitrol Engineering Co.. 
1952 E. Allegheny Ave., Phila. 34, Pa. 


Circle 502 on inquiry card. 


PARABOLIC ANTENNAS, New 2- 
page Bulletin 436 provides specifica- 
tions and features of the microwave 
and tropospheric scatter antennas.— 
Prodelin Inc., 307 Bergen Ave., Kear- 
ny, N. J. 


Circle 503 on inquiry card. 


DOUBLE STUB TUNER, New 2-page 


bulletin describes specs of double stub 
tuner for 1,000—12,000 Mc.-—Uni- 
wave, Inc., 2 Marine St., Farmingdale, 
He Bs 


Circle 504 on inquiry card. 


ELECTRONIC COMPONENTS. New 
48-page Catalog 571 describes and il- 
lustrates maker’s audio transformers, 
discriminators, high-Q reactors, mag- 
netic amplifiers, power components, 
pulse transformers, and ultrasonic 
components.—Freed Transformer Co., 
Inc., 1718-1736 Weirfield St., Brooklyn 
(Ridgewood) 27, New York. 


Circle 505 on inquiry card. 


PLUG-IN COMPONENTS. New 4- 
page Bulletin describes “Encapsors,” 
maker’s plug-in electronic circuit com- 
ponents, hermetically embedded in 
thermosetting plastic.—Alcor Elec- 
tronics Corp., 180 Lafayette St., New 
York 18, N. Y. 


Circle 506 on inquiry card. 


INVERTERS AND CONVERTERS. 
New 16-page catalog presents maker’s 
semi-conductor and transistorized in- 
verters and converters.—Electronic 
Research Assocs., Inc., 67 East Centre 
St., Nutley 10, N. J. 


Circle 507 on inquiry card. 
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ELECTRONIC COMPONENTS. Two 
new 2-page Catalogs 1157 and 1257 
present maker’s voltage supplies and 
ultra-sensitive electronic relays (in- 
cluding, price list).—4-page illustrated 
price list presents surplus items, such 
as servo motors. generators, magnetic 
amplifiers, etc.—Servo-Tek Products 
Co., 1086 Goffle Rd., Hawthorne, N. J. 


Circle 508 on inquiry card. 


MAGNETIC AMPLIFIER. New 2-page 
Specification Sheet 57-907 gives 
mechanical and electrical specifica- 
tions of operational magnetic amplifi- 
er Type MA-61.—Dynamics Research 
Associates, Div. of Universal Match 
a P. O. Box 5841, Ferguson 21, 
Mo. 


Circle 509 on inquiry card. 


TRANSFORMERS. New 24-page 
Catalog 157-T lists maker’s miniature 
hermetically-sealed inductive compo- 
nents, featuring the geophysical (very 
low frequency) type.—Electro-Tech 
Pacific, P. O. Box 455, Goleta, Calif. 


Circle 510 on inquiry card. 


MINIATURE PHOTOCONDUCTORS. 
New 8-page Bulletin TR-101 describes 
infrared-sensitive lead sulfide photo- 
conductors for detection and guidance 
systems.—Electronics Corp. of Amer- 
ica, Photoconductor Transistor Div., 
= Memorial Drive, Cambridge 42, 
lass. 


Circle 511 on inquiry card. 


MAGNETIC AMPLIFIERS. New 6- 
page Bulletin S235B provides infor- 
mation on 60 eps, 400 cps m-enetic 
amplifiers and magnetic amplifier po- 
sition servo systems. New 4-page Bul- 
letin 5418 presents servo demonstra- 
tor.—Magnetic Amplifiers, Inc., 632 
Tinton Ave., New York 55, N. Y. 


Circle 512 on inquiry card. 


RELAY TERMS, New 18-page Bul- 
letin 1884 gives definitions of relay 
terms and symbolic nomenclature ex- 
cerpts from National Ass’n. of Relay 
Mfrs.—Automatic Electric Co., North- 
lake, Ill. 


Circie 513 on inquiry card. 


MICROWAVE ATTENUATOR. New 
2-page Technical Bulletin Catalog 
8201 describes high-power pro- 
grammed microwave attenuator and 
power divider.—Airtron Inc., Linden, 
N. J. 


Circle 514 -n inquiry card. 


EDDY CURRENT DAMPERS. New 
2-page Bulletin 823 describes Eddy- 
Trol that damps out extraneous vi- 
brations, restores feel to stick and 
prevents over-control movements. 
New 2-page Bulletin 824 presents hy- 
draulic control valves for aircraft.— 
Lyndon Aircraft Corp., 140 Clifford 
St., Newark 5, N. J. 


Circle 515 on inquiry card. 


RELAYS. New &-page Vibration 
Notebook (Vol. 3. No. 1) contains in- 
formation on operation, design, and 
shock environments that are met in 
airborne instruments.—Allied Control 
Co., Inc., New York, N. Y. 


Circle 516 on inquiry card. 


TIME DELAY RELAY. New 4-page 
Bulletin SR-5R presents Model SF air- 
craft-type hermetically sealed time- 
delay relays.—A’G’A Div., Elastic 
| Nut Corp. of Amer., Elizabeth, 
aN. . 


Circle 517 on inquiry card. 
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TRIMMER POTENTIOMETER. Nev sories.—" 
2-page Bulletin R-32B describes 1mak. (Blvd. Er 


er’s new wire wound A10-W-Trim mer 
ruggedized, for high temperature anj 





humidity.—Dale Products, Inc., CoM YEROG 
lumbus, Nebraska. 1056 illus 
Circle 518 on inquiry card. ductions 

roll micr 

PRECISION POTENTIOMETERS,4°he*'er 2 


ew 2-page Catalog B-2 contain; 
complete data on maker’s Series RL. 
270 precision potentiometers with un. G 
limited phasing—The Gamewell Co. 
Newton Upper Falls 64, Mass. 


Circle 519 on inquiry card. 


WIRE-WOUND RESISTORS. New 2. 
page Bulletin CB-2 describes maker’ 
new Series CB precision wire-wound 
resistors featuring tension-free wind. 
ings.—Kelvin Electric Co., 5907 Noble 
Ave., Van Nuys, Calif. 


Circle 520 on inquiry card. 


POTENTIOMETERS. New 12-page 
Technical Paper 762 provides infor. 
mation on environmental effects on 
precision potentiometers.—Helipot 
Technical Information Service, New.- 
port Beach, Calif. 


Circle 521 on inquiry card. 
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METAL FILM RESISTORS, New 4.) "°° ° 
page Bulletin B-3 provides informa. _ = 
tion and diagrams on maker’s typ§,. °°" 
MEC and MEF resistors incorporating Conn. 
metallic resistive films.—International 
Resistance Co., 401 North Broad St. 
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Phila. 8, Pa. _SUBFR 
Circle 522 on inquiry card. whe, 

nous mo’ 

POWER RESISTORS. New 4-pageBrordine. 







Bulletin 12 describes line of Vitrohm 
power resistors designed to meet 1e- 
quirements of MIL-R-26C (Fixed 
Wire-Wound Power Type Resistors). 
—Ward Leonard Electric Co., Mount 
Vernon, N. Y. 


Circle 523 on inquiry card. 
VOLTS 


CAMERAS 
New 16. 


CAMERAS. New 8-page Brochure§ vides eng 
MC-2 contains information on Modelfon mak 
IV-C, 35mm, and Model III, 16mm, magnetr 
Multidata cameras with data on theitB Dept., S 
use in airborne systems analysis, ra- sis 
dar evaluation and missile tracking. 
—F light Research, Inc., P. O. Box 1-F, 
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CAMERA LENSES, New 6-page vrv-f Bomac I 
chure illustrates and describes As 
genieux wide-angle Retrofocus lense: 

for 35-mm cameras.—Exakta Camera SEMIC 

Co., 705 Bronx River Rd., Bronxvillefissue of 

8, N. Y. . No. ¢ 

Circle 525-on inquiry card. conducto 
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PHOTOGRAPHIC DATA RECORD: Texas In 

RS. New 4-page brochure illustrate: Ave., De 
16 and 35 mm photographic data re- 
corders for evaluation of missiles, 
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Co., Box 1350, Beverly Hills, Calif. J page Bu 
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new TN-9 instrumentation camera 
available with automatic exposure 
control and special-purpose acces- 


sories.—Traid Corp., 17136 Ventura 
Blvd.. Encino, Calif. 


Circle 527 on inquiry card. 


YEROGRAPHY, New 6-page Bulletin 
1056 illustrates fully automatic repro- 
ductions from original documents or 
roll microfilm.—The Haloid Co., Ro- 
chester 3, N. Y. 


Circle 528 on inquiry card. 


GYROS, MOTORS 


RATE GYROSCOPES. New 4-page 
Brochure SA78-3 describes character- 
istic’s of rate gyroscopes said to be 
world’s smallest and lightest.—The 
United States Time Corp., 500 Fifth 
Ave., New York 36, N. Y. 

Circle 529 on inquiry card. 


GUIDANCE AND CONTROL, New 24- 
page catalog describes free gyros, 
rate gyros, linear and angular accel- 
erometers, rectilinear and rotary po- 
tentiometers.—Humphrey Inc., 2805 
Canon St., San Diego 6, Calif. 

Circle 530 on inquiry card. 


GYROS. New 2-page Bulletin con- 
tains information on Model U-105— 
HIG 5 hermetically sealed single de- 
gree of freedom gyros with gimbal 


“Btravel +8° max. and drift rate 0.03 


MR/sec.—Uniconn, 


Inc., 
Conn, 


Waterbury, 


Circle 531 on inquiry card. 


SUBFRACTIONAL H-P MOTORS. 
New 4-page brochure on precision 60 
and 400 cycle induction and synchro- 
nous motors for cooling fans and re- 
cording instruments, also servo mo- 
tors with precision gear heads in a 
wide range of designs.—Rotating 
Components Inc., 267 Green St., 
Brooklyn 22, N. Y. 

Circle 532 on inquiry card. 


TUBES, TRANSISTORS 


_VOLTAGE-TUNABLE MAGNETRON. 
New 16-page Bulletin ET-B40 pro- 
vides engineering and application data 
on maker’s Z-5040 voltage-tunable 
magnetron.—General Electric, Tube 
Dept., Schenectady 5, N. Y. 


Circle 533 on inquiry card. 


MICROWAVE TUBES. New 6-page 
ulletin provides information on mak- 
er’s line of microwave tubes and com- 
ponents and development service.— 
Bomac Labs., Inc., Beverly, Mass. 
Circle 534 on inquiry card. 


. SEMICONDUCTORS. New 6-page 
issue of New Parameter News (Vol. 
1, No. 3) describes expanded, semi- 
conductor line and presents semicon- 
ductor grade silicon now available.— 
exas Instruments Inc., 6000 Lemmon 
Ave., Dallas 9, Texas. 


Circle 535 on inquiry card. 





VOLTAGE REGULATOR. New 2- 
page Bulletin 9.00.1 discusses maker’s 
models STR-150 and STR-300 trans- 
istor-magnetic regulators for 400 
cycle alternators.—Electric Regulator 
Corp., Norwalk, Conn. 

Circle 536 on inquiry card. 


March-April, 1957 


TRANSFORMERS, CRTS ETC. 
New 8-page Bulletin 63 presents data 
on available pulse transformers, cath- 
ode ray tubes, lever switches, panel 
meters, etc.—Lectronic Research 
Labs., 715 Arch St., Philadelphia, 6, 
Pa. 


Circle 537 on inquiry card. 


NAVIGATION 


AIRCRAFT COMMUNICATION. NAV- 
ATION. New 4-page Catalog 
ARCBR-CC-1 describes communica- 
tion and navigation transmitters and 
receivers, portable communicators and 
automatic direction finders for all 
classes of aircraft.—Aircraft Radio 
Corp., Boonton, New Jersey. 
Circle 538 on inquiry card. 


DEAD RECKONING TRACER. New 
2-page Data Sheet TDS-5270 describes 
“Servo-flight” airborne automatic 
dead reckoning tracer for continuous 
automatic plotting of aircraft posi- 
tion.—Servo Corp. of America, New 
Hyde Park, N. Y. 


Circle 539 on inquiry card. 


AIR_ TRAFFIC CONTROL. New 4- 
page Brochure C-102 explains “Vol- 
sean” air terminal control system 
which automatically computes ap- 
proach headings to expedite landing 
of stacked planes.—Avco Mfg., Co., 
Crosley Div., 1329 Arlington St., Cin- 
cinnati 25, Ohio. 

Circle 540 on inquiry card. 


ELECTRONIC 
INSTRUMENTS 


MEMOSCOPE. New 4-page Bulletin 
94-20 illustrates applications of mak- 
er’s Memo-Scope that retains succes- 
sive transients until intentionally 
erased.—Hughes Products, Memo- 
Scope, International Airport Station, 
Los Angeles 45, Calif. 


Circle 541 on inquiry card. 


VOLTMETER, Two new 4-page Bul- 
letins 325 and 7443 describe maker’s 
ac-de digital voltmeter and XY re- 
corders, respectively.—Electro Instru- 
ments, Inc., 3794 Rosecrans St., San 
Diego, Calif. 

Circle 542 on inquiry card. 


LOW-FREQUENCY CRYSTAL. New 
2-page bulletin provides information 
on new Bulova ST-70X shock-mount- 
ed 200-500ke frequency control unit. 
—Quartz Crystal Div., Bulova Watch 
Co., Woodside 77, N. Y. 


Circle 543 on inquiry card. 


WWV AND WWVH, New 8-page 
Data File 10 describes function of new 
Model 905 WWV receiver and how 
to use standard time and frequency 
broadcast stations WWV and WWVH. 
Shasta Div., Beckman Instruments, 
Inc., P. O. Box 296, Station A., Rich- 
mond, Calif. 


Circle 544 on inquiry card. 


GENERATOR UNIT, 16-page May 
1956 issue of General Radio’s Experi- 
menter presents a new (Type 1391-A) 
Pulse, Sweep, and Time-Delay Gen- 
erator for time-dmain measurements. 
—New 8-page November 1956 issue 
presents Militarized line of auto- 


transformers (voltage regulators). 
—General Radio Co., 275 Massachu- 
setts Ave., Cambridge 39, Mass. 


Circle 545 on inquiry card. 


AIRBORNE TAPE RECORDER. New 
2-page data sheet discusses maker's 
airborne magnetic tape recorder de- 
signed for high-performance aircraft 
flight testing—Midwestern Instru- 
= 4ist. and Sheridan Rd., Tulsa, 
Okla. 


Circle 546 on inquiry card. 


INSTRUMENTS AND COMPONENTS. 
New 8-page Condensed Catalog illus- 
trates and describes maker’s precision 
measuring instruments, scientific ap- 
paratus, industrial test and control 
equipment and components.—General 
Radio Co., 275 Massachusetts Ave. 
Cambridge 39, Mass. 

Circle 547 on inquiry card. 


MILITARY CIRCUIT ANALYZER. 
New 4-page bulletin describes Model 
144 NX universal, automatic circuit 
analyzer for military use—DIT-MCO, 
Inc., Electronics Div., 911 Broadway, 
Kansas, City, 5, Missouri. 

Circle 548 on inquiry card. 


WIRE, CABLE 
WIRE AND CABLE, New 70-page 


Catalog describes and illustrates new 
high-temperature surface treated Tef- 
lon insulated wire and cable.—Tenso- 
lite Insulated Wire Co., Inc., Tarry- 
town, N. Y. 


Circle 549 on inquiry card. 


WIRES AND CABLES. New 6-page 
bulletin contains information on 24 
types of plastic coated electronic and 
telephone wires and cables and special 
construction service.—Chester Cable 
Corp., Chester, N. Y. 


Circle 550 on inquiry card. 


AVIONIC CABLE. New 2-page bul- 
letin discusses color-coded flat cable 
up to 2” wide for missiles and air- 
craft.—Miljan, Inc., Paramount, Calif. 

Circle 551 on inquiry card. 


CONNECTORS, CABLES. New 44- 
page Catalog 7 lists coaxial connec- 
tors, cable, plugs, jacks, waveguide, 
tubing, adapters, etc.—cross_ refer- 
enced with government designation 
and other manufacturers numbers, 
and coaxial cables characteristics.— 
Progress Electronics Co., 296 Broad- 
way, New York 7, N. Y. 

Circle 552 on inquiry card. 


HOOK-UP WIRE. New 12-page Bul- 
letin T257 provides catalog informa- 
tion including prices for hook-up and 
lead wire, insulated tubing and 
switches made to industrial and gov’t 
specifications.—Birnbach Radio Com- 
pany, Inc., 145 Hudson St., New York 
13, N. Y. 


Circle 553 on inquiry card. 


COMPUTING 
LINEAR PROGRAMMING. New 6- 


page reprint provides information on 
linear programming on an electronic 
analog computer.—Reeves Instrument 
Corp., 215 East 91st St., New York 
28, N. Y. 

Circle 554 on inquiry card. 











ANTHONY PATTERN WHEATSTONE BRIDGE 
FOR HIGH ACCURACY MEASUREMENTS 
RATIOS + .01°% RHEOSTAT + .02% 


MUELLER BRIDGE, E-1002 
FOR PRECISE MEASUREMENTS WITH 
PLATINUM RESISTANCE THERMOMETERS 


WRITE FOR BULLETIN E-17, DESCRIBING 
BRIDGES, WHEATSTONE & KELVIN 
LABORATORY & PORTABLE MODELS 
RESISTANCE STANDARDS & BOXES 


GRAY INSTRUMENT COMPANY 


200 E. CHURCH LANE PHILADELPHIA 44, Pa. 








For more information circle 33 on inquiry card. 
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Definitions 
VHF “Very high frequency”—Any radio frequency 
between 30 and 300 megacycles. 


VT “Variable time’”—Used in combination only, as 


VT Fuze. 
VAR Visio-Aural VHF radio range—A VHF radio 


range in which two separate signals are beamed in 
opposite directions for visual reception, and two 
additional signals beamed at right angles for aural 
reception and identification. 

VOR VHF Omnidirectional range—may denote 
either (1) a phase shift omnidirectional range or 
(2) a rotating dual-pattern radio-frequency on- 
course signal. Both provide visual on-course indica- 
tions, as well as true south or true north, by in- 
struments in the cockpit. 


SAGE Semi Automatic Ground Environment—Name 


| 
| 
| 


for a defense system that provides instantaneous 
information needed for waging air battles, built 
about an electronic computer that reports and acts 
upon a developing situation. 

SAC Used alone, Strategic Air Command, U. S. Air 
Force. In combination only, Supreme Allied Com- 
mander. 


SACLant Supreme Allied Commander, Atlantic. 


*Adapted from many sources, including the U.S. Air Force 
Dictionary, Air University Press, for sale by Supt. of Documents, 
GPO, Wash. 25, D. C. 
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Sub-Mintature 
OGIO GE 


and 


Wauies 





5 size, precision wire-wound, 


up to 250K, +.3°, linearity 


setting new standards 
for dependability 
in sub-miniaturization 


Let the facts speak for themselves! ACE Sub-Miniature Precision Wire- 
Wound Potentiometers and Potentiometer Trimmers are the result of 4 years 
development and over a year of successful use by leading electronic equipment 
manufacturers. Users have conclusively proved that ACEPOTS and ACE- 
TRIMS meet requirements for space and weight saving compactness, while at 
the same time meeting MIL specs’ most stringent qualifications for perform- 
ance and dependability. Why invite trouble with untested components when 
you can protect your reputation w ith ACEPOT and ACETRIM .. . the 
subminiature potentiometers and trimmers proved in actual use. 








Condensed Engineering Data 
ACEPOT 
(potentiometer) (trimmer) 


Resistance Range 200 ~~ to 250K + 2% 10 - to 150K + 3% 
Linearity +.3% +3% 


ACETRIM 


Resolution extremely high excellent 
Ambient Temperature - 55° C to 125° C* - 55° Cto 125°C 
Torque low or high low or high 


The above specifications are standard — other values on special order. 


Available in threaded bushing, servo, flush tapped hole or flange mounting, and 
ganged units. All units sealed, moistureproofed, and anti-fungus treated. Meet 
applicable portions of JAN specs and MIL-E-5272A standards. 


*New X-500 ACEPOT operates to a new high of 150° C. 











Expedited delivery on prototypes; prompt servicing of production orders. 
Send for Fact File and application. data-sheets. 


*trademarks applied for 


ACE, ELECTRONICS ASSOCIATES 





Dept. M, 101 Dover St. e Somerville 44, Massachusetts 


For more information circle 34 on inquiry card. 








NEW LITERATURE 





COMPUTER. New 4-page Applica- 
tion Report IH 106 describes how 
maker’s general-purpose computer 
saved 2899 engineering manhours in 
solving typical problems of turbine 
data analysis.—Computer Div., Bendix 
Aviation Corp., 5630 Arbor Vitae St., 
Los Angeles 45, Calif. 

Circle 555 on inquiry card. 


LINEAR PROGRAMMING COM- 
PUTERS. New 2-page Technical Data 
Sheet 113 describes maker’s new 
“Reac LP 402-1 and LP 402-2” linear 
programming computers.—Reeves In- 
strument Corp., 215 E. 91st St., New 
York 28, N. Y. 


Circle 556 on inquiry card. 


SYSTEMS & FACILITIES 


WEAPONS SYSTEM. New 20-page 
Catalog DCS5 discusses facilities for 
development of controls for modern 
weapons systems, including comput- 
ers for ground control of ICBM, 
IRBM, data translation for SAGE, 
etc. Burroughs Corp., Detroit 382, 
Mich. 

Circle 557 on inquiry card. 


ELECTRONIC SYSTEMS. New 28- 
page Brochure 1-57 illustrates devel- 
opment and production facilities also 
typical projects undertaken by the 
Electronic Systems Div. for the 
Armed Forces.—Cook Electric Co., 
ig gy Southport Avenue, Chicago 
14, , 


Circle 558 on inquiry card. 


SYSTEMS ENGINEERING. New 76- 
page Catalog No. 856-A provides in- 
formation on company’s electronic 
building blocks for systems engineer- 
ing—Engineered Electronics Co., 506 
East First St., Santa Ana, Calif. 


Circle 559 on inquiry card. 


MISCELLANEOUS 
HI-TEMP CLAMPS, Two new 2-page 


bulletins present data on maker’s 
high-temperature (1500°F) cushion 
clamps.—TA Mfg. Corp., 4607 Alger 
St., Los Angeles 39, Calif. 


Circle 560 on inquiry card. 


AXIAL BLOWER, New 2-page data 
sheet presents maker’s 4%” vane 
axial blower for high altitude.—In- 
duction Motors Corp., 570 Main St., 
Westbury, L. I., N. Y. 


Circle 561 on inquiry card. 


METAL BELLOWS SEALS, New 2- 
page bulletin describes new metal- 
bellows shaft seals designed to oper- 
ate in excess of +700° F and lower 
than —100° F, for use in acids, sol- 
vents, etc.—Cartriseal Corp., 3515 W. 
Touhy Ave., Lincolnwood, III. 


Circle 562 on inquiry card. 





THERMOSETTING POLYESTER. 
New 4-page bulletin contains informa- 
tion on properties of molding potting 
thermosetting polyester resins.—The 
Acme Wire Co., New Haven, Conn. 

Circle 563 on inquiry card. 


HUMIDITY CHAMBER, New 2-page 
bulletin describes and _ illustrates 
maker’s Blue M vapor-temp humidity 
chamber.—Blue M Electric Co., 138th 
and Chatham St., Blue Island, IIl. 

Circle 564 on inquiry card. 


TEFLON. New 6-page Catalog and 
2-page Data Sheet 357 provide data 
on Teflon tapes, insulators, bars, cyl- 
inders, rods, tubing, ete.—Enflo Corp., 
Route 38 at Airport Circle, Penn- 
sauken, N. J. 

Circle 565 on inquiry card. 





For further details concerning devel- 
opments reported in advertisements, 
or New Product or New Literature 
reviews, CIRCLE THE NUMBER cor- 
responding to that which appears 
with the ad or write-up. If the card 
has already been used, mark the num- 
ber on a postal card (including month 
of issue) and send to us. When indi- 
cating change of address, kindly note 





old address. 
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WALKIE-TALKIE, New 4-page Bul- 
letin C-101 describes maker’s mark 1 
“Walkie-Talkie”’, a miniaturized, 
transistorized 8-lb climate proof com- 
municator.—Avco Manufacturing 
Corp., Crosley Div., 1329 Arlington 
St., Cincinnati 25, Ohio. 


Circle 566 on inquiry card. 


TEMPERATURE-SENSITIVE CRAY- 
ONS. New 6-page Catalog No. 551 
provides information on maker’s tem- 
perature-sensitive crayons, pellets 
and paints. New 8-page booklet “How 
Temperatures are Measured” dis- 
cusses alternative techniques.—Tem- 
pil Corp., 132 West 22nd St., New 
York 11, N. Y. 


Circle 567 on inquiry card. 


FUEL BOOSTER PUMP. New 2-page 
Data Sheet 3-55 describes two-speed 
flush-mounted fuel booster pump de- 
signed for pumping fuel per MIL-F- 
5572 grade 115/145.—Lear, Inc., Lear- 
Romec Div., Elyria, Ohio. 


Circle 568 on inquiry card. 


THERMOCOUPLES. New 10-page 
Bulletin A is catalog of reciprocating 
engine thermocouples and terminals 
for aircraft—Thermo Electric Co., 
Inc., Rochelle Park Post Office, Saddle 
Brook, N. J. 

Circle 569 on inquiry card. 


TRANSIT CASES. New 8-page bro- 
chure describes containers designed 
to protect cargo, such as guided mis- 
siles, electronic equipment and air- 
plane parts during transit and stor- 
age.—Craig Systems, Inc., 90 Holten 
St., Danvers, Mass. 

Circle 570 on inquiry card. 
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NOW! A High-Speed Circuit Analyzer So Accurate It Can Find Every 
Wiring Flaw and Detect Low, Finite Values of Continuity Resistance 


AUTOMATIC ... pinpoints type and 


location of all kinds of errors...aufomatically. 





VERSATILE. .. tests any cabling system 


or panel assembly without modification. 





UNIVERSAL ... tests for all types of 


errors resulting from incorrect connections, 
short resistance, and insulation resistance. 





SIMPLE ... ordinary, non-technical per- 
sonnel can master its operation in thirty . 
minutes or less. 


ACCURATE .. . detects and measures 


resistance impossible to find with most 
equipment. 














FAST ... checks circuits in 1/10 second 
each. Makes tests in minutes which once re- 
quired hours. 


Model 80 DIT-MCO Automatic 
Electrical Circuit Analyzer. 
This machine will test 80 
circuits in 8 seconds. 


DIT-MCO Automatic 
Electricel Circuit Anelyzers 


Save Time and Meney in Production, Maintenance and Overhaul of 
Aircraft, Guided Missiles, Telephone Systems, Computers and Radar 
..+Wherever Complex, Multiple Circuitry is Used! 


Here is the first real solution to the production and maintenance bottleneck of testing 
out complex electrical circuitry. The DIT-MCO Automatic Electrical Circuit Analyzer 
mokes all other circuit testing methods obsolete. 


Where present hand and machine testers are laborious and complicated, the DIT-MCO 
Analyzer is fast and simple. DIT-MCO’s exclusive matrix chart pinpoints errors without 
reference to manuals or diagrams. Non-technical personnel can easily spot the loca- 
tion and nature of errors on a front matrix panel, and go directly to the trouble 
spot for correction. 


The DIT-MCO Anolyzer is wonderfully versatile. It can be moved from one circuit 
testing job to another without modification. To prepare for a new test, the operator 
merely plugs in a simple, straight-forward adapter cable. The machine itself requires 
no changes at all to test any electrical cable system at any stage of production, modi- 
fication, or maintenance. This even includes circuits connected together in various 
ways by switches, relay contacts, or a common point at a terminal such as a ground- 
ing lug. The circuits in the unit under test can be rearranged by switching mechanisms 
in the unit, and the tester will automatically test the new arrangement. The analyzer 
can functionally test external devices like relays, solenoids, actuators, and panel lights. 
The almost unbelievable accuracy of this new tester eliminates hit-or-miss testing for 
continuity or short resistance. Unlike meters, lights, or buzzers, the DIT-MCO An- 
alyzer defines these errors with absolute accuracy. Continuity is closely defined with 
this test equipment to the point of rejecting Y2 ohm continuity resistance as an open 
circuit at currents up to 2 amperes. Leakage resistance is closely defined to the point 
of rejecting zero ohms to 200 megohms as a direct short. These values are pre-set 
as desired. 

In spite of its hairline accuracy and its ability to make fine measurements, the DIT- 
MCO Circuit Analyzer is a rugged, practically foolproof machine.Its component parts 
are the same as those used for years on automatic telephone systems, and most parts 
are pluggable. In laboratory tests, production line machines have been kept in 
operation for the equivalent of 10 years with no breakdowns at all. 

The tremendous speed and accuracy of this machine plus its adaptability and capacity 
to test for all kinds of errors, make it a “must’’ for companies which manufacture, 
maintain, or overhaul products which include complex electrical circuitry. Basic sizes 
are built to test 80 to 200 circuits with multiplier sections to provide as much as 1600 


circuits capacity. 
tin’ Write today for full details 





Box 04-27, 911Broadway Kansas City, Missouri 





(There's @ DIT-MCO Analyzer ) 
To Fit YOUR Requirements! 


MODEL 200 
CIRCUIT 
ANALYZER 


Capacity: 200 
circuits in 20 
seconds. Also 
many other models sto 











Dethens testing need. J 
ENGINEERS: DIT-MCO needs executive calibre 


sales and design engineers right now! Excellent op- 
portunity with respected organization on the move. 
Work with key men in aircraft and missile industries. 
Write today! 








(— Partial List of DIT-MCO Users: S 


Bell Aircraft Corporation, Texas Div. * Ben- 
dix Aviation Corporation, Sidney, New York 
¢ Boeing Airplane Company, Seattle, Wash- 
ington and Wichita, Kansas * American Bosch 
Arma Corporation * Douglas Aircraft Com- 
pany, Tulsa, Oklahoma ¢ Fairchild Aircraft 
Division * Goodyear Aircraft Corporation ¢ 
Martin, Baltimore * Naval Ordnance Labora- 
tory, White Oaks, Maryland * Northrop Air- 
craft, Inc. * Motorola, Inc. * Temco Aircraft 





ELECTRONICS DIVISION - DIT-MCO, INC. 


Corporation * Trans World Airlines ¢ Con- 
vair * Chance Vought Aircraft * Servomech- 
anisms, Inc. * Radio Corporation of America 
¢ Pacific Mercury Television Mfg. Corp. 








For more information circle 35 on inquiry card. 





RECOGNIZED RELIABILITY 





@ 
ro 
ul 
= 
Qa 
a 
oe 
> 
< 
o 
3 
Cc 
Lg 
= 
ie 
+ 
n“ 
o 
Cc 
md 
a 
a 
x 
“~v 
Oe 


z 
4) 
4 
Pr] 
Cc 
= 
m 
z 
a 
wv 
Cc 
ao 
nd 
“a 
= 
Zz 
m 
QO 
O 

? 

; 





Section of 50 hour pre-aging rack. 


DOWER DESIGNS commerce tensora power soptes 


are being furnished for ground telemetering equipment 


in the FARTH SATELLITE roe. 


We have been manufacturing precision power sources for electronic 


instrumentation for 15 years. Can we be of service in the solution of your 


power supply problems, Literature available. Write Dept. 1-2-1. 


Power Desjons Int + aan 


STABLE POWER SOURCES FOR ELECTRONIC INSTRUMENTATION 


__ For more information circle 36 on inquiry card. 








